Google 



This is a digital copy of a book that was preserved for generations on library shelves before it was carefully scanned by Google as part of a project 

to make the world's books discoverable online. 

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was never subject 

to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 

are our gateways to the past, representing a wealth of history, culture and knowledge that's often difficult to discover. 

Marks, notations and other maiginalia present in the original volume will appear in this file - a reminder of this book's long journey from the 

publisher to a library and finally to you. 

Usage guidelines 

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing tliis resource, we liave taken steps to 
prevent abuse by commercial parties, including placing technical restrictions on automated querying. 
We also ask that you: 

+ Make non-commercial use of the files We designed Google Book Search for use by individuals, and we request that you use these files for 
personal, non-commercial purposes. 

+ Refrain fivm automated querying Do not send automated queries of any sort to Google's system: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attributionTht GoogXt "watermark" you see on each file is essential for in forming people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 
countries. Whether a book is still in copyright varies from country to country, and we can't offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book's appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liabili^ can be quite severe. 

About Google Book Search 

Google's mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's books while helping authors and publishers reach new audiences. You can search through the full text of this book on the web 

at |http: //books .google .com/I 



r 




Xibrar^^ 



of the 



Xnnivereiti^ of Mieconein 




H'^ 



WORKS BY THE SAME AUTHOR 

PUBLISHED BY 

McGRAW-HILL BOOK COMPANY, INC. 

The American Electricians* Handbook, 
Flexible Leather, 7 X 4i, 700 Pages, 
over 900 Illustrations $3.00 

Wiring op Finished Buildings, 
Cloth, 8 X 5i, 275 Pages, over 200 Illus- 
trations : . $2.00 

Wiring for Light and Power, 
Flexible Cover, Pocket Size, 430 Pages, 
382 Illustrations $2.00 

IN PREPARATION 

Electrical Machinery 
Practical Electricity 
Practical Electric Illumination 



WIEING 

FOR 

LIGHT AND POWEE 



V 



Copyright, 1917, by the 
McGraw-Hill Book Co., Inc. 



THK MAPI.K PRKS8 TOKK PA 



211595 (0 /-/ '^ 'l<\ 

JUN 22 i3i7 ^ "^ 

VM PREFACE 

Almost any one can install electrical wiring and apparatus 
so that they will work in some fashion or other. But to install 
them so that they will be electrically safe and mechanically 
seciu*e involves the application of knowledge that has been 
gained accumulatively by hundreds of workers during many 
years of practice. Obviously, it is scarcely feasible for any 
one individual, unaided, to acquire from his own experi- 
ence this requisite knowledge. Hence, if one is to follow the 
best methods in instalUng electrical equipment he must neces- 
sarily avail himself of the knowledge and experience obtained 
by his predecessors. 

It is extremely fortunate, for those of us who Uve on this 
continent, that the gist of the accumulated knowledge and 
experience, concerning American methods of installation of 
electrical wiring and apparatus has been concisely incorpo- 
rated in a set of rules or specifications which has been named 
'*The National Electrical Code." Doubtless, the Code com- 
prises the most comprehensive collection of directions for 
electrical wiring and installation ever compiled. It includes 
sections specifying installation methods for wiring and 
equipment for nearly all services and purposes. Its principal 
function is to specify wiring-and-installation methods which 
will minimize fire hazard — and at the same time be economi- 
cally feasible. Obviously, this is a broad field to cover. Hence, 
the rules of the Code should necessarily be, and are in many 
cases, very concise. In other words, the Code is almost 
wholly free from explanations or elaborations. 

The purpose, then, of the book '* Wiring for Light and Power " 
is to supply explanations, elaborations and illustrations for 
those sections of the National Electrical Code to which it is 
necessary to refer most frequently. The book has incorpo- 
rated in it, verbatim, the most important National-Electrical- 
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Code regulations. Then these regulations or ruUngs and their 
application in practical electrical construction are explained 
by supplementary text prepared by the author and fully 
illustrated. 

Furthermore, in most cases, where such explanations are 
feasible and available, the reasons for the adoption of the Code 
rules are discussed by the author. Certain of the Code rules 
have been criticised as being unduly stringent or uncalled for^ 
because the critic did not know why the rules were incorpo- 
rated and because he was not familiar with all of the facts 
affecting the situation. Where the reasons for the inclusion 
of the rules are known, much less difficulty is encountered in 
their enforcement. Furthermore, the rules can be much more 
readily remembered and interpreted if one is familiar with the 
whys and wherefores. 

Much labor has been expended to render the index of this 
book comprehensive and usable. This feature is particularly 
recommended to the reader^s attention. 

Every effort has been made to insure accuracy, the proofs 
having been read five different times by five different people, 
all of whom are more or less familiar with the Code and its 
requirements. However, it has been the author^s experience 
that it is seemingly impossible to eliminate all errors from the 
first edition of a book as large as this. Hence, if any inaccu- 
racies are encountered by readers it will be greatly appreciated 
if they will so advise the author. He will also be most grate- 
ful for all suggestions for the future enlargement or improve- 
ment of the book in any manner whatsoever. 

Terrell Croft. 
33 Amherst Avenue, University City, 

Saint Louis, Mo., 

January^ 1917. 
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PREFACE, vii 

REPRINTED FROM INSIDE COVER OF THE NATIONAL 

ELECTRICAL CODE 

"The National Electrical Code is revised every two years. The next 
revision will be in 1917. 

"The section of the Code relating to the design and construction of 
appliances (Class D) is but a partial outline of specifications. Under- 
writers* Laboratories has complete standards for Electrical Fittings 
which include the provisions of this Code and in addition specifications 
for performance under test and in service and further details of design 
and construction. Copies of these standards will be furnished electrical 
inspection departments, manufacturing concerns, national electrical 
associations, societies and institutes, and copies filed with the Bureau 
of Standards, Department of Commerce, Washington, to which Bureau 
may be referred questions as to the correctness of the Laboratories* tests. 
The List of Electrical Fittings* published semi-annually by Under- 
writers* Laboratories, contains a list of electrical fittings which have been 
examined and tested and found to comply with these standards. Copies 
of these lists may be obtained from local inspection departments or 
from the offices of the Laboratories, in the principal cities. All appli- 
ances should be submitted to Underwriters* Laboratories, 207 East Ohio 
Street, Chicago, or 135 William Street, New York, before being intro- 
duced for use.*' 
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PREFACE TO THE NATIONAL ELECTRIC 

CODE 

"The National Electrical Code was originally drawn in 1897 as the 
result of the united efforts of the various Insurance, Electrical, Archi- 
tectural and allied interests, which, through the National Conference on 
Standard Electrical Rules, composed of delegates from various National 
Associations, unanimously voted to recommend it to their respective 
associations for approval or adoption; and is here presented by the 
National Board of Fire Underwriters with the various amendments and 
additions which have been made since that time by them. 

*'The National Conference has disbanded, the work of the Under- 
writers* National Electric Association and of the National Conference 
having been taken over by the National Fire Protection Association. 

/'The following associations, formerly members of the National Con- 
ference, are represented on the Electrical Committee of the National 
Fire Protection Association:" — 

American Electric Railway Association. 

American Institute of Electrical Engineers. 

Associated Factory Mutual Fire Insurance Co^s. 

National Association op Electrical Inspectors. 

National Board of Fire Underwriters. 

National Electric Light Association. 

National, Electrical Contractors Association. 
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GENERAL SUGGESTIONS 

ments and explanations of the Code material by the author 
of the book. 

The Code has of itself no statutory or legal force but merely 
comprises the rules and requirements of the National Board 
of Fire Underwriters. However, certain cities and munici- 
palities in the United States have passed ordinances providing 
that all electrical wiring and installations in such cities shall 
be in accordance with the Code, which gives it a legal status 
in these cities. Moreover, other cities (see partial Ust below) 
have legaUzed requirements of their own, which are, usually, 
based on the Code requirements. Where local requirements 
are authorized by ordinance they, of course, take precedence 
over the Code rules. 

Hence, the reader should ascertain whether or not the 
legalized Wiring Rules (if there are any such) in his city conflict 
with those of the Code. If they do, he should note, with suit- 
able memorandums in this book, the conflictions under the 
Rules where the disagreements occur, and then be governed 
accordingly. 

Among the states which have statutes relating to the in- 
stallation of wiring are: — District of Columbia, Maryland, 
Louisiana, Tennessee, Ohio and Minnesota. 

Among the cities which have passed wiring inspection 
ordinances or which have legalized Wiring Codes of their 
own (which are in almost every case more stringent than the 
National Code rules) are: — New York; Chicago; St. Louis; 
Denver; Portland, Ore.; Memphis, Tenn.; Macon, Ga.; Kansas 
City, Mo.; Jamestown, N. Y.; Newark, N. J.; Camden, N. J.; 
Sioux City, Iowa; San Diego, Cal.; Little Rock, Ark.; Hot 
Springs, Ark.; San Francisco, Cal.; Gary, Ind.; Atlanta, Ga.; 
Chattanooga, Tenn.; New Haven, Conn.; Madison, Wis.; 
Wilkes-Barre, Pa.; Moline, 111.; Rock Island, 111.; Peoria, 
111.; Detroit, Mich.; Louisville, Ky.; and Akron, Ohio. 



WIRING FOR LIGHT AND 

POWER 

CLASS A 

(Rules 1 to 11 inclusive) 

GENERATORS, MOTORS, SWITCHBOARDS, ETC. 

Includes Electrical Equipment of Central Stations, DynamOy Motor and 
Storage-Battery Rooms, Transformer Sub-stations , Etc. 

1. GENERATORS. 

la. 1[/. GENERATORS. Must be located in a dry place. 

Generators should always be installed in cool dry loca- 
tions. The insulating materials used in nearly all electrical 
machines are usually absorbent to a certain extent and if 
the surrounding air contains moisture it is likely to permeate 
these insulating substances. When insulating materials ab- 
sorb moisture, their insulating properties, that is, their re- 
sistances, are decreased. In some cases this decrease may be 
so great that excessive currents will be forced through the 
insulation, creating a " ground '* or a ''short-circuit." Such 
troubles may cause fire. Steam- or acid-laden vapors are 
particularly injurious to insulation. 

Generators should be dried out before installation unless 
the installer is absolutely certain that their windings contain 
no moisture. Frequently the windings of machines absorb 
moisture in transit. They are also likely to absorb moisture 
in an atmosphere that is apparently dry, while being stored 
in a warehouse or at the location where they are to be in- 
stalled. To protect against damage to the insulation all 
generators which may be damp should be dried out as suggested 
in the following paragraph before being placed in regular 
service. 
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Rule la GENERATORS, MOTORS, Class a 

To dry out a generator it may be operated with its arma- 
ture short-circuited (Fig. 1) beyond the ammeter and with 
the field current so adjusted as to raise the temperature of the 
windings of the machine to about 70®C. (158®F.). The arma- 
ture may be short-circuited by a water rheostat whereby the 
armature current can be decreased or increased independently 
of the field rheostat regulation. It will probably be neces- 
sary to operate the machine at a voltage considerably lower 
than normal. The current can be maintained until the coils 
are thoroughly dry. The temperature should not be allowed 

Water 
Genera tor Rheostat-,^ .-Pulley 

Voltmeter 

i Ammeter 

Salt Water-. 

'Iron 

f ^^ — — Y^ i ;^l,-^,g Pioi^s 

Wooden Barrel' 

Fig. 1. — Method of drying out a generator by short-circuiting the arma- 
ture leads through a water rheostat. 

to decrease to that of the surrounding atmosphere because 
if it does the moisture will then again condense on the coils and 
the machine will probably become moisture saturated as 
before. 

Caution should be observed in dr3riiig out a machine be* 
cause there is always a possibility of overheating (burning 
out) the inner portions of the windings which cannot quickly 
dissipate the heat generated in them. Such inner parts may 
become so hot as to burn the surrounding insulation while the 
exposed portions, which can radiate heat readily, are still 
relatively cool. Frequent observations should be taken of the 
temperature of the hottest accessible part of the machine 
while it is being dried out. This can be done by binding a 
thermometer to this hot part as shown in Fig. 2. The bulb 
of the thermometer should rest in a small pad of waste or in 
a wad of putty lying against the part of which the temperature 
is to be taken. The waste pad or the putty ball is necessary 
to assure that the thermometer bulb will attain the tempera- 
ture of the part under observation. The temperature of the 
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Class a SWITCHBOARDS, ETC. Rule la 

hottest accessible part of the machine should never be allowed 
to exceed that of boiling water, that is, IWC. or 212°F. It 
may require several hours — or even days— to dry out a genera- 
tor thoroughly, particularly if it is of large capacity. The 
field coils of large generators dry out very slowly. Inasmuch 
as the insulation is much more eaeUy injured by overheating 
when it is damp than when dry, the electrical drying out of a 
machine should be effected very alowly and cautiously. 

While the thermometer shown in Fig, 2, / and 11, is located 
on the cast-iron frame of the machine so aB to indicate the 
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temperature thereof, the temperature of the frame casting is of 
itself ordinarily of no great moment. In an actual test the 
thermometer should be so located as to indicate the tempera- 
ture of the windings (Fig. 2, III and IV) and the tempera- 
ture of the iron portions of the machine that directly support 
the windings. 



Waterproofcoversforgenerators where judiciously employed, 
may result in the saving of a considerable sum of money when 
there is a possibility of water falling on the machines because 
of bad roofs, or in caseof fire, Awaterproof cover can be made 
from oiled duck or waterproof canvas, about as suggested in 
Fig. 3. The covers should be stored near the machines which 
they are designed to protect and should be so folded that they 
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can be unfolded quickly and placed over the generators. 
Whenever a machine is out of service for any considerable 
length of time, the cover should be placed over it to prevent 
water from falling accidentally on the windings. 

16. 1/. GENERATORS. Must never be placed in a room where any 
hazardous process is carried on, nor in places where they would be ex- 
posed to inflammable gases or flyings of combustible materials. 




I. Oiled Canvas Cover. II, Cover oyer I 

Fig. 3. — Waterproof cover for electrical machines. 

Generators, under certain circumstances, may constitute 
a fiie hazard when installed where, because of local conditions, 
a fire can be started readily. In oil or gaa storage buildings, 
powder factories, lint rooms, chemical laboratories and the 
like, inflammable gases, vapors, or flying combustibles often 
permeate the atmosphere. A generator should never be in- 
stalled in a room where such conditions exist. The reason is 
that there is always a possibility (though in the case of alter- 
nating-current generators it may be a remote one) of the de- 
velopment of sparks at the brushes of the machine, or by a 
short-circuit on the lead wires. Such sparks or arcs are capa- 
ble, under certain conditions, of originating an explosion or a 
fire. 

le. V- GENERATORS. Must, when operating at a potential in 
excess of 550 volta, have their base frames permanently and efi'ectively 
grounded. 

The frame of a generator developing a pressure in excess 
of 660 volts should be grounded to provide an effective and 
'lertain path to ground for current in case the winding of the 
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machine becomes grounded on the frame. It is desirable to 
ground the frames of all generators— Bwie Ic, \II. There 
must be two grounds on a circuit before current can flow to 
ground from the machine (this is strictly true only for direct- 
current machines). However, there is, in practice, practically 
always one ground on every electrical circuit. On a low-vol- 
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FiO- 4. — Showing leak^e current through the frame of a machine which 
la iDsulated from ground. 



FiQ. 5. — Path of current through person receiving a shock from the 
frame of a machine insulated from ground. (There is aa accidental 
tree ground on the line and an accidental ground in the winding of the 
macBne.} 

t^e circuit (550 volte or less) this ground may be the one asso- 
ciated with the ground detector outfit or it may be a permanent 
ground on a neutral wire as required by Rule 15. On a circuit 
operating at a pressure in excess of 550 volts the ground may 
be an accidental one or it may be one installed for some specific 
purpose. Fig. 4 shows the path of a leakage current to 
ground through the frame and foundation of an ungrounded 
machine. Fig. 5 shows how a person, standing on the earth 
and touching the frame of a generator which has its frame 
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ungrounded, would receive a shock, provided that there were 
a ground in the machine between one of its windings and the 
frame, and also another ground on the other side of the circuit 
at some point on the distribution system. 

If an e£fective ground connection is not provided between 
the frame of the machine and the earth, and the winding 
becomes grounded on the frame, the path of the current to 
ground may be such that an arc will be produced or some part 
of this improvised circuit may become overheated, causing a 
fire (Fig. 4). Furthermore, if the frame is not thoroughly 
connected to ground and the winding of the machine is 
grounded on it, a person standing on the ground and touching 
any part of the frame of the machine might have a high voltage 
impressed on him (Fig. 5) and thereby be shocked or possibly 
killed. Where the generator frame is well connected to the 
earth, neither of the dangerous conditions suggested above 
can occur because any leakage currents that might develop 
would follow the low-resistance ground wire to earth and one 
could not be shocked by touching the frame of the machine 
because the installation of the ground wire would insure that 
the potential of the frame of the machine would be the same 
as that of the earth. 

It is preferable from the operator's standpoint to grotmd the 
frames of all electrical machinery. Consider the case of the 
frame of a machine insulated from ground. If an electrical 
leak occurred in this machine between one of the windings 
and the frame, the operator would not ordinarily be advised 
of its presence and another ground might occur in the same 
machine between the winding and the frame, which would 
produce a short-circuit and possibly burn out a machine and 
cause a fire. If, however, the frame (not the windings) of the 
machine were thoroughly grounded, a leak between the frame 
and the winding would make itself known through an indica- 
tion of the station ground detector and then it could be readily 
corrected before another grdund could occur to make serious 
trouble. 

If a frame is insulated it should be thoroughly insulated and 
if grounded, thoroughly grounded. If a frame is imperfectly 
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insulated, sufficient current might under certain conditions, 
flow through the high-resistance path (Fig. 4) constituted 
by the imperfect insulation outside of the machine, and cause 
a fire. Where the insulation is thorough, this cannot occur 
with only one ground on the machine. Furthermore, where 
the ground is thorough, it cannot occur. 

The conductor for grounding a generator should never be 
smaller than No. 6 B. & S. gage or its equivalent and should 
always be of copper and of sufficient cross-sectional area to 
carry, without appreciable heating, the current that the fuses 
or the circuit-breaker protecting the machine will pass. The 
values shown in Table B of Rule 18 indicate conservative 
values for round wires. Such a groimd wire may be bare. 
It should always be of such a 
size that it cannot be accident- 
ally broken, hence never smaller 
than No. 6. 

Strap copper can be used for 
ground connections for genera- 
tors as shown in Fig. 6. The 
general requirements for copper 
strap conductors as regards me- 
chanical strength and current- 
carrying capacity are the same 
as those for a ground wire as 
outlined in the above para- 
graph. Where a large generator 
is being installed, a copper-strap 
conductor is preferable to a 
wire conductor because with it sufficient cross-sectional area 
can be secured in a form that can be readily bent to any desired 
contour (Fig. 6). A large, round wire cannot be conveniently 
formed around the foundation and into the corners and the 
bends which it must follow in its route to earth. Where a strap 
is used it can be J*^ in. or J^ in. or thicker and of sufficient 
width to provide the necessary current-carrying capacity. 
Such a strap can be formed without difficulty into any desired 
contour. At the generator end, the strap can be clamped 

9 
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Fig. 6. — Method of connecting 
ground strap to machine. 
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between two punched washers under a foundation bolt (Fig. 6). 
The washers should, as suggested in the following paragraph, 
be of copper or tinned to prevent any possibility of corrosion. 
The installation of a 
generatorframe ground 
wire is made somewhat 
as indicated in Fig. 7. 
The ground wire can be 
connected tothegeneiv 
ator frame as shown in 
l^'^'J Fig. 8, by clamping it 

iw*' between two punched 

1.™,™, washers underafounda^ 
tion-bolt nut. The 
washers should prefer- 
ably be of copper, but it is probable that iron washers would 
be acceptable provided that they are tinned, to prevent cor- 
rosion, and that the end of the ground wire to be clamped 
between them is also tinned. A locknut should be turned 
down over the foundation-bolt nut to prevent any possibility 
of loosening. The end of the .Founaanon 

ground wire should always be 
bent around the bolt in the 
same direction as that in which 
the nuts turn (that is, in a 
right-hand direction) so that 
any twisting action occurring 
when the nuts are being turned 
on will tend to wrap the wire 
around the bolt rather than to 
unwrap it. 

The earth connection should 
preferably be a water pipe as 
shown at A, Fig. 7, and as 
described under fiitZe \hg, \y , 
but if no water pipe is available, a steam pipe is sometimes 
acceptable, if there is a certainty of its leading to a thorough 
ind permanent ground. The connection to a water pipe 
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should always be made inside of the building, but on the street 
side of the water meter, where such a meter is installed. 

Where no pipe is available, a ground plate as shown at B, 
Fig. 7, or a multiple-pipe ground connection may be used. Di- 
rections for preparing a ground plate are given under Ruh 
ISffi K^i Note. A series of pipes driven into the earth around 
a generator as shown in Fig. 9 will also provide a good 
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Fia. 9. — Grounding a machine 
frame on a multiple-pipe earth con- 
nection. 



ground (see information under Rule 15g, ^V, Note). Araultiple- 
pipe ground connection of this sort is not as good as one pro- 
vided by connecting to a pipe of an extensive water system. 
Other methods of making ground connections are detailed 
under Rules 5c, If/ and II and 15c to g, which see, 

A copper-sttap ground conductor is clamped on a pipe (Fig. 
10). The end of the strap in contact with the pipe and the 
portion of the iron pipe around which the strap is wrapped 
should be tinned to prevent electrolytic action. 
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Generators direct-connected to steam prime movers do not 
require further grounding, because a splendid path to ground 
is provided by a circuit comprising the frame of the generator 
and the engine and the steam and exhaust piping. The frame 
of a generator direct-connected to a water-wheel is usually 
also thoroughly grounded through the shaft between the two 
machines, because the water-wheel itself is usually grounded 
through a Sume or penstock. This may not, however, always 
be the case, hence an auxiliary ground wire which does make 
a positive connection with the earth can often be advanta- 
geously installed for water-wheel machines. 



FiQ. 11. — Motor insulated 




n.EndEl*» 

a parallel timber base. 



Ic. VI. GENERATORS. Must, when operating at a potential of 
5S0 volta or less, have tbeir base frames permanently and efi'ectiTel]' 
grounded wherever feasible. Where grounding of the frame is imprac- 
ticable, special permission for its omission may be given in writing,* in 
which case the frame must be permanently and effectively insulated. 
Wooden base frames used for this purpose and wooden floors which are 
depended upon for insulation where for any reason it is necessary to 
omit the base frames must be kept filled to prevent absorption of moisture 
and must be kept clean and dry. 

The insulation of generator frames from the surfaces upon 
which the generators stand is required if the frame of the ma- 
chine cannot be grounded. In modern installations it is 
seldom that the frames of generators or motors are insulated 
12 
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from the ground. In nearly every case it is preferable to 
ground the frames rather than to insulate them. Fig. 11 
shows the simplest method of insulating an electrical machine 
from its foundation, or from the surface upon which it rests. 

Two insulating timbers are used 
under the bed plate, the bolt 
holes for which are countersunk 
as shown in Fig. 12. There 
should be a sufficient section 
of wood between the hole for 
the foundation bolt and that 
for the holding-down bolt, to 
provide insulation. This sec- 
tion in no case should be less 
than 1 in. in length for 220-volt 
machines, and a greater separa- 
tion is desirable for 550-volt 
machines. 

The insulating base of Fig. 
11 is preferable to that of Fig. 13, because dirt and oil are 
apt to accumulate under the box-Uke cavity formed by the 
floor timbers of the base in Fig. 13. It may be very difficult 
to remove such debris. With the arrangement of Fig. 11 the 
dirt can be pushed out from under the machine at either end. 




^'Countersunk for 

Motor Boh Nut 
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Fig. 12. — ^Arrangement of bolt 
holes in insulating timbers. 
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I. Raised Cross Piece Frame I.Fiush Cross Piece Frame 

Fig. 13. — Timber frames for motor insulation. 



hence the floor or the foundation top can be kept clean with 
little difficulty. If dirt is allowed to accumulate, it may 
defeat the- purpose for which the timbers were placed because 
the timbers may become impregnated with it, which will re- 

13 
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duce their insulating qualities. The construction of Fig. 13, 
/, is preferable to that of Fig. 13, //, because in / the cross 
pieces, X, extend only halfway down into the parallel tim- 
bers. This provides a space between them and the floor, 
which allows for some ventilation and cleaning. 

Wood for insulating frames must be impregnated or ''filled" 
to prevent the absorption of moisture. A satisfactory treat- 
ment consists in thoroughly drying, then painting the wood, or 
soaking it in boiled linseed oil and permitting it to dry, after 
which it can be given two coats of shellac, or other water- 
proof varnish. If the wood is painted only with linseed oil, 
it should be given three or four coats. 

Where a machine direct-connected to some other must be 
insulated therefrom, it is necessary to insert an insulating 
coupling. Fig. 14, between the generator or motor and the 

Clamping ^,..r Insulating 

Bolts. ^ ,.Coupling^.^ i'^^dLa ^ol^^'O' 





Cast Iron ->■'.■:• 
End Elevation. Section. 

Fig. 14. — Typical insulating coupling. 

other machine. Couplings of the design of Fig. 14 are fre- 
quently encountered but a great many other types are in use. 
Some of these couplings are of the *' flexible" type in addition 
to being insulating couplings. In the coupling of Fig. 14 a 
disk of fiber is bolted between the two faces of the fiange 
coupling and the coupling bolts are insulated with fiber wash- 
ers and bushings. Where an insulating coupling is used, it is 
necessary to locate a bearing to support the shafts on either 
side of, and close to, the coupling. It is difficult to insulate 
a large direct-connected electrical machine from another 
machine which it drives, or which drives it. For this reason 
it is now almost the invariable practice to ground such ma- 
chines, and to not attempt to insulate them. 

L4 
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A difference of potential due to static electricity is developed 
between the frame and ground where machine frames are 
insulated from ground, by the friction of the belt slipping on 
the pulleys and by the friction of the belt on the surrounding 
air. This "static" will often discharge from the belt driving 
or being driven by the machine, or may discharge from some 
portion of the machine to a grounded object. While such 
static discharges may not be dangerous to life, it has been 
found that they frequently have an injurious effect on the 
insulation used on the machine windings and sometimes cause 
insulation breakdowns. These static discharges may consti- 
tute a fire hazard. 

A metallic comb connected to ground will discharge static 
electricity from a belt. It should be arranged about as shown 
in Fig. 15, close to, but not touching the belt from which the 



Fio. 15. — Grounded metallic comb to relieve belt of static charges. 

"static" emanates. Such a comb will frequently minimize 
the discharges from the belt of an insulated machine. If the 
machine frame is grounded and the pulley is of metal a similar 
result will usually be accomphshed. Grounding the frame 
of a machine or arranging a metalUc comb by the driving 
belt will not always wholly eliminate "static" — but condi- 
tions will in nearly every case be materially improved thereby. 
"Static" discharges between the frame and earth are elimi- 
nated by grounding the frame. 
A high-resistance path to ground for static discharges may, 
IS 
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where the machine frame must be insulated, be utilized. 
A high-resistance path can be provided as shown in Fig. 16, 
by using for a resistor a lead pencil mark, possibly an inch or 
two long and He ^^' wide, on a piece of ground glass. This 
resistor should be connected between the generator frame and 
groimd. A metal terminal is arranged to make contact with 
each end of the pencil mark and to these metal terminals are 
connected, respectively, the leads to the ground and to the 
frame of the machine. Although the resistance of such a pencil 
mark is exceedingly high, so high that practically no current 
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Fig. 16. — ^High-resistance resistor made by drawing a pencil mark on 

ground glass. 

will be forced through it by ordinary voltages, the high-voltage 
"static'' electricity will readily pass to ground through it 
and prevent the development of the difference of potential 
which originates static discharges between frame and ground. 
Metal pulleys should be used on the machine to provide 
a conducting path from the belt to the frame if this arrange- 
ment is to be most effective. 

Id. ^/. GENERATORS. Constant potential generators, except al- 
ternating-current machines and their exciters, must be protected from 
excessive current by safety fuses or equivalent devices of approved design. 

Overload protective apparatus for generators serves to pro- 
tect the machines against excessive currents. If the current 
through a fuse exceeds that which the fuse is designed to carry, 
it will rupture and open the circuit. If the current through 
a circuit-breaker exceeds the current for which the breaker is 
'^et, the breaker will automatically open the circuit in which it 
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is connected. These circuit-breakers or fuses are used to pro- 
tect generators, other apparatus or conductors, against over- 
loads or short-circuits by connecting them in series as shown in 
Fig. 17. Circuit-breakers are almost invariably used for the 
protection of large machines and are usually, though not nec- 
essarily, used for the 

. i« £ •%•% .Shunt Held — • 

protection of small -^^ 

ones. Unless some 
kind of overload pro- 
tection is provided a 
short-circuit would be 
likely to cause a burn 
out of the armature of 
the generator feeding 
the circuit. 

Practically all gen- 
erators will carry 
some overload beyond 
their normal rating. 
The per cent, over- 
load that any machine 
is capable of carrying 
and the length of time 
for which the overload 
can be carried without 
damage is a thing that 
must be ascertained in 
the case of each par- 
ticular machine by 
making inquiry of the 
manufacturer of the 
machine. As a general 
proposition generators are so designed and rated that they will 
carry a 25 per cent, overload for a considerable period (usually 
2 hours) without dangerous heating, hence it is frequently the 
practice to set the circuit-breakers protecting a generator to 
trip on a current 25 per cent, in excess of the normal full-load 
current of the machine. Where fuses are used for protection 
2 17 
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F. A Two-Wire Generator and a Motor- Generator 
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Fig. 17. — Elementary diagram indicating 
overload protection requirements for direct- 
current generators. 
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they are selected to paaa a current 25 per cent, above the nor- 
mal full-load current of the machine (see data under Rtde 23e, 
K/, relative to the rating of fuses). 

The overload protection of a direct-current constant-poteD- 
tial generator may be a fuse or a circuit-breaker, located be- 
tween the generator and the switchboard bus bars, as shown in 
Fig. 18, which indicates the simplified wiring diagram for two 
compound- wound, direct-current, constant-potential genera- 
tors. The circuit-breakers A and B constitute, respectively, 



Fia. 18. — Two compound-wound, direct-current generators properly con- 
nected and protected. 

the overload protection for generators a and b. If a short- 
circuit occurs on a line fed by a direct direct-current generator, 
the machine will spark excessively and in some cases the arc 
may form from brush to brush, that is, the machine will 
flash. Furthermore, the characteristics of a direct-current 
generator are such that, if it is short-circuited, it will force, for 
a short time at least, an excessive current through the short- 
circuit. Obviously these conditions might originate a con- 
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flagration when a line is short-circuited if proper overload 
protection is not provided. It is for these reasons that over- 
load protection for direct-current machines is imperative. 
Why overload protection may be omitted from alternating- 
current generator leads is indicated in the following paragraphs. 
Overload protection is not, as a rule, provided on alternat- 
ing-current generator circuits for at least four reasons. (1) 
Alternating-current generators have considerable reactance 
in their armature circuits, which tends to prevent the sudden 
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Fig. 19. — ^Two three-phase alternating-current generators properly 

connected and protected. 

increase of current when a short-circuit occurs on the system. 
(2) If a fuse or automatic circuit-breaker were connected in 
the position shown at Ai, Fig. 19, and a short-circuit occurred 
on one of the feeder circuits, this fuse or automatic circuit- 
breaker might open instantly. If three generators (the third 
is not shown in the illustration) were operating on the same 
set of bus bars, generator Gi would have to be synchronized 
with the other two before it could be reconnected to the buses. 
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The process of synchronizing is often a difficult and precise 
operation and may consume relatively considerable time. 
(3) The sudden opening of an alternating-current generator 
circuit frequently induces momentarily very high voltages. 
That is, the high electromotive forces of self-induction in the 
machine at the instant the circuit is opened, may be great 
enough to puncture the insulation of the generator. (4) If 
automatic protection, that is, automatic circuit-breakers or 
fuses, are provided in an alternating-current generator circuit 
they are likely to be operated by a momentary current which 
may interchange between generators when they are being 
synchronized. The operation of the protective devices at 
such times would cause great delay and inconvenience. 

Hence alternating-current generators are usually connected 
to the bus bars through a non-automatic, hand-operated oil 
switch, Ai and A 2, Fig. 19. Fuses or circuit-breakers are, 
however, provided in the feeders as at Fi, F2, and F3. If 
then a short-circuit occurs on one of these feeders, the fuses 
or the circuit-breaker protecting the feeder will operate and 
disconnect that feeder from the bus bars, but the generator 
will not be disconnected. 

Where an alternating-current generator is short-circuited 
the prime mover will probably be slowed down, or if it 
continues to operate the voltage impressed by the machine on 
the line will be considerably below the normal voltage. Some 
alternating-current generators can be short-circuited without 
being affected adversely. Certain of the electrical machinery 
manufacturers short-circuit some of their generators (as part 
of the test the machine must undergo) while the generator is 
delivering full-load current at normal rated voltage and 
normal speed. In any case, if the current through the arma- 
ture of an alternating-current generator becomes excessive, the 
trouble can usually be detected from the odor of the overheated 
coils and the difficulty can be relieved before permanent 
damage results. Since these machines do not have com- 
mutators, as have direct-current machines, with them there 
is no possibility of excessive arcing and flashing at the commu- 
"^ators at times of short-circuit. 
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Overload protection should be provided on a small isolated 
alternating-current generator, which feeds its load direct as 
shown in Fig. 20, because in this case, the principal objections 
to overload protection outlined in the preceding paragraph 
do not hold. 
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Fig. 20. — Overload protection for a small alternating-current generator* 

\d. If//. GENERATORS. For two-wire D. C. generators, single pole 
protection will be considered as satisfying the above nde, provided the 
safety device is so located and connected that the means for opening 
same is actuated by the entire generator current, and the action thereof 
will completely open the generator circuit. 



Posir/ve 
Bus. 



Main 
Smtth-» 



k. 



Bus $ars<\ 



■H^^^ 



r^fwefers- 



O'i 



'® 



Equalizer 



■w --*. 




^B 



Series Fhld 



'^ 



H 



I ! 




V 



2 



For protecting two-wire, com- 
pound-wound, direct-current 
generators one fuse or circuit- 
breaker is sufficient if it is 
connected (as shown in Figs. 
17, /, and 18 and 21) in the lead 
not connected to the series 
winding. The reason that the 
protective device should not be 
in the series-winding lead will 
be evident from a study of Fig. 
21, which shows that from the 
positive side of generator 1 there 
are two paths to the positive 

bus bar. One path is via the series winding as shown by the 
full line arrows: ARCD to the positive bus. The other route 
is via the equaUzer in the series winding of the second machine 
as shown by the dotted line arrows : A EFGHIJKL. Obviously 
if the protective devices Fi and F2 were placed in leads AD 

21 



Fig. 21. — Showing the two 
routes for current from the posi- 
tive ibrush of 1 to the positive 
bus bar. 
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or JL there would be no assurance that all of the current flow- 
ing in the armatures of the machines passed through them. 
In practical operation of machines some current flows through 
the equalizer, which means that all of the armature current 
does not flow through the series-field lead, for instance, through 
AD or JL. Where one compound-wound generator is operat- 
ing independently and is never paralleled with another genera- 
tor, the overload protective device may be in either lead, that 
is at F or at Fi, in Fig. 17, 7. 

The overload protection for a shtmt-wound, direct-current 
generator may consist of but one fuse and it can be located in 
either of the generator leads. 

Id. If///. GENERATORS. For two-wire D. C. generators used in 
conjunction with balancer sets to obtain a neutral for three-wire systems, 
a protective device must be installed, which in case of the excessive un- 
balancing of voltages will operate to disconnect the three-wire system. 
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Fig. 22. — Schematic diagram of 
four two-wire generators feeding a 
three-wire system. 
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Fig. 23. — Illustrating how, when 
connections are incorrect a short 
circuit can flow without actuating 
the protective device. 



V The correct and incorrect connections for overload protec- 
tion for two-wire generators feeding three-wire circuits are 
shown in Figs. 22 and 23, respectively. Note that in Fig. 
22, which shows the correct method, the protective devices — 
circuit-breakers or fuses — are in every case cut in the leads 
from the generators which do not contain the series coils. 
Furthermore, the lead of each generator in which the protec- 
^^*on is inserted connects in every case to the neutral wire 
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of the three-wire system. In a three-wire system the neutral 
wire is almost invariably {Rule 15a If!) permanently grounded. 

Now if the connections of two of the generators III and IV 
(Fig. 23) are reversed so that the protective devices Fju and Fjy 
connect to the negative instead of the neutral bus, serious 
trouble can occur. For example, if an accidental ground 
(or a ground in the generator) occurred at G^, the generator 
IV would drive a short-circuit current around the path indi- 
cated by the dotted arrows. This leakage current — and it 
might be of great intensity — does not pass through the protect- 
ive device Fjy] hence the generator under these conditions is 
without overload protection and is likely to be burnt out or to 
cause a fire. With the connections correctly made as in Fig. 
22 this dangerous condition cannot readily occur. 

The approved method of protecting a motor-generator three- 
wire system is diagrammed in an elementary way in Fig. 17, IV. 
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Fio. 24. — ^Dia^ram showing actual connections for a two-wire generator 
in combination with a motor balancer feeding a three-wire system. 

This illustration does not show the series or shunt coils of the 
machine or the equalizer leads which are required in actual 
operation. The actual connections, simplified, are indicated 
in Fig. 24. In practical installations a circuit-breaker that 
will open the two outside wires and the two equalizer leads 
should be used for the protection of the motor-generator 
balancer. Frequently this protection is provided by four-pole 
carbon circuit-breakers or by two-pole carbon breakers with 
equalizer contacts, as shown in Fig. 25 for the three-wire gen- 
erator, to assure the opening of both the main and the equalizer 
contacts in case of excessive loads. Sometimes two double- 
pole, double-trip circuit-breakers are used. One of them is 
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cut in the positive outside wire and positive equalizer lead and 
the other in the negative outside wire and negative equalizer 
lead. See the author's American Electbictans' Handbook 
for additional diagrams showing correct connections for over- 
load protective apparatus for three-wire generators. 



Fro. 25. — Digram showing arrangement of overload protection 
equipment for a three-wire generator operating in parallel with a two- 
wire generator on a three-wire system. 

Id. 1[/V. GENERATORS. H a generator, not electrically driven, 
in a two-wire system has one terminal grounded, the safety device above 
mentioned must be placed in the grounded lead. 

Protection for a two-wire generator uriiich is feeding a per- 
manently grounded circuit should be in the grounded side of 
the circuit for the reason indicated in the diagram of Fig. 26. 
If the overload-protection device is placed in the ungrounded 
lead as at Fi (Fig. 26, /) and an accidental ground, as for ex- 
ample <?i, occurs on the ungrounded side of the system between 
Fi and the generator, it completes a short-circuit path. The 
short-circuit current will follow the leakage path shown but 
does not pass through Fi. With conditions thus the generator 
is without overload protection and is likely to be burnt out or 
to cause a fire. A ground on one of the windings of the genera- 
tor might be equivalent to the accidental ground at d. If, 
""owever, the protective device is cut in the permanently 
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grounded side of the circuit, as at Ft (Fig. 26, //) and an acci- 
dental ground occurs on the ungrounded side of the circuit, as 
at Ga, the short-circuit current then passes through the circuit- 
breaker Fi which will cause it to open the circuit instantly. 
Thereby overload protection is afforded. Note that the side 
which contains the protective device — permanently grounded 
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switchboard connections. If a generator on a three-wire 
system is disconnected from the ayetem by the opening of a 
breaker and the equalizer leads are not opened simultaneously, 
current from other generators still connected to the system 
will flow back through the equalizers and run the idle generator 
as a motor or possibly burn out an armature. 




Fio. 28. — Two three-wire, interpole generators connected in parallel and 
feeding a three-wire system. 

Protection for three-wire feeder circuits may consist of 
two-pole circuit-breakers, one leg of each breaker cut in each 
outside wire. Or instead, three single-pole circuit-breakers 
with a common trip attachment which insures the simulta- 
neous 'opening of the three leads can be utilized. Such a cir- 
cuit-breaker arrangement serves as a feeder switch and pro- 
vides overload protection. For the protection and switching 
■ of small capacity feeders, three-pole knife switches combined 
with enclosed fuses can be used to advantage. 
26 
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Id \VI. GENERATORS. The iafety devices above required muBt 
be so interlocked that no one pole can be opened without HimultaneouBlj' 
disconnecting both sides of the armature from the system. 

Interlocked circuit-breakeis are required for the protection 
of three-wire generators as hereinbefore suggested. Figs. 
25 and 27 show at /, circuit-breakers of this description con- 
nected BO as to protect their respective generators. When a 
current in excess of that for which the breakers are set flows 
through the positive or negative lead of any of the three-wire 
generators, the breaker operates. It opens not only the posi- 
tive or negative lead in which the overload current flowed 
but also the other main lead and the positive and the nega- 
tive equalizer leads, thus entirely disconnecting the generator 
from the three-wire circuit. 

le. V- GENERATORS. Must each be provided with a name plate, 
giving the maker's name, the capacity in volts and amperes, and the 
nomial speed in revolutions per minute. 

Generator name plates, Fip. 29 and 30, have tabulated on 
them in convenient form, the essential data regarding the 



machine. For this reason, prior to connecting a generator into 
a wiring system, its name plate should be studied. The name 
plate always indicates the normal current, and voltage and 
the capacity — in kilowatts for a direct-current machine, or in 
kilovolt-amperes for an alternating-current machine — of 
the generator. A generator should not be required to carry 
for any extended period a kilowatt or kilovolt-ampere load 
greater than that for which it is rated on its name plate. 
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Direct-current generator name plates, Fig. 29, indicate the 
capacity of the generators in kilowatts. The voltage shown on 
the name plate is that which the machine will impress at nor- 
mal speed and field excitation on the two outside wires. The 
"amperes rating" shows the number of amperes or the inten- 
sity of current that the generator can carry continuously with- 
out being overloaded, that is, overheated. The volts rating 
multiplied by the amperes rating gives the watts rating of the 
machine, and this value divided by 1,000 gives the kilowatts 
rating. The letters ''R.P.M." mean revolutions per minute, 
which indicate the speed at which the generator should be 
driven for normal operation. A machine may usually be 
driven at a speed 10 per cent, less or 10 per cent, greater than 
the name plate speed with satisfactory results. 

An alternating-current generator name plate, Fig. 30, gives 
the rating of the generator in kva.,that is, in kilo volt-amperes. 
The "volts'' value shown on the name plate is the voltage 
impressed between the two wires of a two-phase* generator or 
between any pair of the three wires of a three-phase generator. 
The "amp. per terminaP' value indicates the current in am- 
peres in each wire of a single-phase or of a three-phase genera- 
tor. For a single-phase machine, the product of the voUs times 
the amperes per terminal gives the volt-amperes capacity of 
the generator and dividing this value by 1,000, the kilovoU- 
ampere capacity is obtained. For a three-phase generator 
the product of volts (across outside wires) times amperes (per 
phase) times 0.577 will give the volt-amperes capacity of the 
machine. The value 0.577 is a constant used in three-phase 
alternating-current calculations. The "R.P.M." value on 
the name plate shows the speed at which the generator should 
be driven and with an alternating-current machine it is very 
essential that it be driven accurately at this speed. The 
"cycles'' value or frequency of the generator varies with the 
speed at which it is driven, so unless the generator is driven 
at its name-plate speed, the cycles or frequency of the voltage 
developed by the machine will not be the name-plate fre- 
quency. Where two generators are to be connected in parallel, 
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their frequencies must be precisely the same, otherwise they 
will not operate. 

Style and serial numbers on generator name plates are there 
marked by the manufacturer of a machine for a very important 
reason. When information relative to any machine is requested, 
or repair parts for any generator are ordered from its manu- 
facturer it is necessary to give the manufacturer the serial 
number of the machine and if possible, the style or catalog 
number also, because all of his records relative to this machine 
are ordinarily filed under this serial number. Sometimes the 
stationary frame of the machine has one serial number and the 
rotating part another, which is then stamped on the commu- 
tator or collector ring end of the shaft. Where two serial 
numbers have thus been assigned, both should be mentioned 
in correspondence with the manufacturer about the machine. 

If, ^I. GENERATORS. Terminal blocks when used on generators 
must be made of approved non-combustible, non-absorptive, insulating 
material, such as slate, marble or porcelain. 

Terminal blocks for generators comprise the clamping 
arrangement or supporting frame in which the leads or termi- 
nal wires of the machine are 
supported as shown in Fig. 31. 
To connect the generator to 
an external circuit, conductors 
from the external circuit must 
be connected to these leads. 
Obviously, only insulating 
materials should come into 
contact with the leads. 
Furthermore, the insulating 
materials should be mechan- 
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Fig. 31. — Assembly of terminal 
block, porcelain bushing and gen- 
erator leads, for altematmg-current 
generator. 



ically strong and immune to the effects of the ordinary oils, 
acids and vapors encountered in the average installation. 
Porcelain admirably satisfies these requirements and is ex- 
tensively used for insulating bushings in generator terminal 
blocks; bakeUte is also used. If the generator conductors are 
insulated with porcelain or other bushings the terminal frame 
or block which holds the bushings in place may be of metal. 
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Ip. HJ. GENERATORS. The use of 'soft rubber buahings to pro- 
tect the lead wires coming through the frames of generators is permitted, 
except when installed where oils, grease, oily vapors or other substaacea 
known to have rapid deleterious effect on rubber, are present in such 
quantities and in such proximity to generator as may cause such bushii^ 
to be liable to rapid destruction. In such cases hardwood properly filled, 
OT preferably porcelain or micanite bushings must be used. 

2. CONDUCTORS. 

(For coTistruclion rules see ffos. 49 to 57.) 

From generators to switchboards, rheostats or other instruments, and 
thence to outside hues: 

2a. V- CONDUCTORS. Must be in plain sight or readily accessible. 

Conductors connecting a generator to a switchboard or to 
measuring or control devices should always be very carefully 
installed. There is ordinarily no overload protection (fuses 



Fia. 32. — Open wiring between generator and switchboard. 

or circuit-breakers) for the generator leads between the genera- 
tor and the switchboard, hence a short-circuit on the generator 
leads at some location between the generator and the switch- 
board might result very seriously because of there being no fuse 
or circuit-breaker to open the short-circuit. It follows, there- 
fore, that it is desirable to install all conductors between gener- 
ators and their switchboards very carefully and substantially. 
Conductors should be eitiier in plain sight or accessible, so 
that if a short-circuit or trouble does occur, it can be readily 
located and corrected. Conductors between generators and 
switchboards should be either installed open or in conduit. 
■Concealed knob-and-tube wiring should not be used for genera- 
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tor wiring because trouble in a concealed knob-and-tube 
circuit would be difficult or in some cases impossible of detec- 
tion and even if the location of the trouble were found it would 
be inconvenient and expensive to make repairs. 

Open-work wiring for generator leads (Fig. 32) is satisfac- 
tory where the conductors are very substantially installed, 
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■Turning Corner 
Fio. 33. — Wireway 



I¥- Method of Srounding 

a generatot-room floor. 
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The most satisfactory method of instaUing generator leads 
is, probably, to use rubber or varnished-cloth insulated lead- 
sheath conductors installed in rigid, wrought-iron conduit. 
While the first coat of such installations is high, it is probable 
that in the long run they are the moat economical. 

Where lead-covered conductor is used in brick or concrete 
wireways, that is, where it is not installed in conduit, it should 
be carefully placed in the recess so that its sheath will not rest 
on sharp corners or be subjected to abrupt bends or other 
mechanical abuse. Lead sheath becomes brittle when sub- 
jected to vibration and will not withstand much mechanical 



Fia. 34. — Wiring from generator to Bwitchboard ia conduit. 

strain without injury. Hence in brick or concrete wireways 
these conductors should be well supported by pipe straps on 
wood cleats (Fig. 35) or by some other substantial method. 
They should always be held away from sharp corners or pro- 
tected therefrom by a block of wood as illustrated in Fig. 35. 
Probably the most satisfactory construction for a brick or 
concrete wireway is that suggested in Fig. 36 where grooves 
for the lead-insulated conductors are cast in the sides of the 
wireway. Qach lead-sheathed conductor can then rest in its 
own groove and be supported thereby and thus protected from 
any mechanical strain. 

Where generator leads are installed in conduit, Fig. 34, 
one end of the conduit should be brought out at the floor, as 
close as practicable to the terminal block on the machine. 
The other conduit end should extend to a location back of the 
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switchboard and should then be carried above the floor, ending 
near the switch terminals to which the leads that the duct will 



in- Me+hod of Turnir^ B«nd 

Fio. 36. — Subway under geDerating-room floor for coaductors. 

carry are to connect. By thus extending the ends of the con- 
duit maximum mechanical protection for the conductors in it 
will be afforded. If rubber- 
insulated wire is used each 
end or outlet of the con- 
duit should be provided 
with an approved outlet 
fitting. Where lead-covered 
cable is utilized for generator 
leads, all of the main con- 
ductors for the generator 
are ordinarily enclosed in one 
lead gheath, that is, for a 

three-phase generator a ^ „„ , , , i, ■ 
,, J i 1 J .1 Fig. 36,— Ledges for cables m 

three-eondnctor lead cable wirii^ trench, 

would be used. For a di- 
rect-current 'generator where the equalizer lead is carried to 
the switchboard, a three-conductor cable would also be used. 
34 
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If the equalizer lead is not carried to the switchboard a two- 
conductor lead cable would be satisfactory. 

Where lead-sheatii cables are used for voltages higher tban 
2,200 it is customaiy to provide a pothead, Fig. 37, at the gen- 




n- Long Bell 
(HsJaintHailemben) (Jairrt-nade Intide of Bell) 

Fia. 37. — Potheads for 2400-volt cables. 

erator end of the cable and also at the switchboard. Such 
apothead affords the neceasary insulation between the conduct- 
ors where they are fanned out where they leave the cable and 
also prevents moisture from entering the cable. For voltages 
of 2,200 and lower, it will ordi- 
narily be satisfactory to merely 
"fan out" and thoroughly tape 
the conductors, at the generator 
end and at the switchboard end of 
a lead cable. A pothead is not 
usually necessary with these low 
voltages. Where the conductor 
ends axe to be thus "fanned 
out" as shown in Fig. 38, 
the lead casing should first be j^^ 
removed for a distance of about 
6 in. from the end of the cable 
to permit the separation of the i«»^ci 
conductors. After the section 
of sheath has been removed, 
each conductor end should be 

"skinned" for a short distance and a suitable terminal lug 
soldered thereto. Then, each of the faimed-out insulated 
conductors should be served with a layer of friction tape and 
painted with a heavy coat of an insulating waterproof var- 
35 
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nish. In addition, as a precaution, another serving of tape 
should be applied around the end of the sheath from which 
the conductors extend, to prevent the entrance of moisture 
at this point. This tape serving should also be painted with 
the waterproof insulating varnish. 

Floor channels, wireways, or trenches, as shown in Figs. 33, 
35 and 36 can frequently be effectively utilized in wiring be- 
tween generators and their control equipment. These chan- 
nels can readily be built into concrete floors by pouring the 
concrete around suitable forms, but in some cases it is cheaper 
to make them of brick. Non-combustible lids or covers 
should be provided to close the openings of the trenches. 
These may be of steel-plate, cast-iron or concrete slabs, but 
should be removable. Half- or ^^-in. steel plate makes good 
covers. Wood covers are sometimes used but are undesirable 

Self •centering F/ange Cenhrirg Cha nnel for Locking Keys 
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^ H- Multiple Tile Duct 

Fig. 39. — Single- and multiple-duct vitrified conduit. 

because they become oil soaked and dirty and increase the 
fire risk. A channel for wires in the floor should have ledges 
formed along its upper edges to provide seats for the covers. 
Sometimes wireways made as shown in Fig. 35 are used. With 
this construction, the channel is floored over except at certain 
locations which should not, ordinarily, be over 25 or 30 ft. 
apart, where handholes, each closed with an iron cover or 
concrete slab, are provided. A wireway channel similar to 
that of Fig. 33, which can be opened over its entire length, is 
preferable from an installation standpoint to one of the man- 
hole type (Fig. 35), because any portion of the channel (Fig. 
33) is available for the inspection or installation of the conduct- 
ors if the lid covering it is removed. On the other hand, the 
handhole arrangement of Fig. 35 provides a neater installa- 
tion in that with it the generator-room floor is not badly dis- 
figured by a series of channel covers. 
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Tile or fiber conduit can be used for carrying the generator 
leads. Tile conduit (Fig. 39) is satisfactory provided plenty 
of room is available for the installation of the dact. Tile 
conduit, installed, is probably more expensive than iron conduit 
because of the labor involved in fitting and placing it. Fur- 
thermore, iron conduit can be laid out and set in the floor form 
and the concrete poured around it, which results in an econom- 
ical construction. Such procedure is not ordinarily feasible 
where tile duct is used. 

26. V- CONDUCTORS. Must have an approved InBuIating cover- 
ing aa called for by rules in Clasa "C" for similar work except that in 
central stations, on exposed circuits, the wire which is used must have a 
heavy braided, non-combustible outer covering. 

Flameproof coverings are required on conductors for exposed 

generator-room wiring to insure against the possibihties of 
fires that might occur due to short-circuits or grounds on the 
generator leads, which, as hereinbefore indicated, are not pro- 
vided with overload protection. Furthermore, it frequently 
occurs in exposed wiring that a large number of conductors 
are bunched into small spaces which would greatly increase 
the fire hazard if conductors with combustible outer coverings 
were permitted. Aside from the restrictions just noted, the 
conductors for generator-room wiring should satisfy the same 
specifications aa those used for wiring of any other kind of 
building. 

The flameproofing on e^tosed generating-room conductors 
ordinarily consists of an asbestos covering or of a slow-burning 
braid made by saturating a woven cotton braid with a flame- 
proof compound; see Rvies 55 and 56. The flameproof cover- 
ing may be applied over any of the regular insulating materials. 

Flameproofing of conductors by wrapping them with cement- 
soaked cloth (Fig. 40) provides an effective method where the 
conductors will not be bent or disturbed after the flameproofing 
is thus applied. Obviously this flameproof cement coating 
is brittle and, therefore, will crack if it is bent. Where a con- 
ductor is to be flameproofed by this method, a strip of an absor- 
bent cloth — like cheesecloth or linen — about 1 in. wide for con- 
ductors of ordinary diameters, ia prepared. A piece of j'i-in. 
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hemp rope ie sometimes used instead of the cloth tape. Then 
a neat cement mixture (Portland cement and water) is prepared 
of about the consistency of thick cream. The cloth tape is 
dipped into this neat cement and immediately served spirally 
around the conductor to be 
Sameproofed as shown in Fig. 
40. When the mortar dries the 
conductor will be encased in a 
hard, non~combustible cement 
sheath. If desirable, after one 
Fig, 40. — Wrapping combus- tape serving has been applied, 
firS'SS'ty^a- '"O'ter can be wrapped over 
in cement mortar. it and then after these have 

partially dried, cement mortar 
can be molded around the conductor to any desired thickness, 
26. 1|/7. CONDUCTORS. Bus-bars may be made o! bate metal. 
Bus bars (Pig. 41) may be of bare metal because, by defi- 
nition, a "biis bar" is a conducting bar installed on a switch- 
board or in some structure in which it is protected from acci- 
dental short-circuits and grounds, and from interference. 



Simp Bus 
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Sect i or. 
I-Bol+ed Split. 



n- Ctamped Splic 
FiQ. 41. — Methods of splicing bus bara. 

Frequently bus bars are used in large generating stations, in 
lieu of generator leads, for interconnecting the generators and 
the switchboards, but in such cases they are always installed 
in channels in the floor, in tunnels or in enclosed racks specially 
constructed of non-combustible materials for their reception. 
These [provisions insure non-interference and eliminate fire 
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riBk, Bare copper bus bars have an advantage over an in- 
sulated conductor in that they radiate heat (due to electrical 
losses in them) more effectively. 

Bus-bar metal is practically always of copper although 
aluminum has been used in certain cases. Strap bus bars, 
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in Pig, 42, //, which shows a strap bracket rod to receive the 
bus bare and a similar bracket with three bus bars clamped in 
place. A bus-rod bracket for supporting round insulated bus 
bars is shown at /. 




%ipporis frame "''^"' fbrahm 

^'^ Stocks 

I-Bus-Rod Bracket E- Bus-y-rap Bmclfet 

FiQ. 42. — Switchboard bus brackets. 



26. %IU. CONDUCTORS, 
when brought close together, as in 
required, be each surrounded with 






ith inflammable outer braiding 
te rear of switchboards, must, when 
t^ht, non-combustible outer cover. 



Tfoa-combustible coverings are required for conductors that 
are bunched together behind switchboards because of the £re 
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Fig. 43. — Assembly of structural-st«el wire rack. 

hazard that exists where a number of wires with combustible 
insulation are assembled. It is desirable where a number of 
conductors are grouped in a restricted space to install con- 
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ductorB that are made with non-combustible insulating cover- 
ings, that is, slow-burning insulation conductors. However, if 
it is not feasible to install the flameproof-insulation con- 
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Fio. 44,: — Details of structural-ateel v 
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e rack construction. 



ductors, then each conductor in the group having a com- 
bustible cover should be served with a layer of asbestos or 
flameproof tape or should be wrapped with a plain linen or 



Fig. 45. — An example of a substantial steel frame work for supporting 
conductors- (Media substation. Philadelphia Electric Co., Courtesy 
CuTTtrU JVews.) 

canvas tape which has been (Fig. 40) soaked in neat cement 
mortar. 

Where it is necessary to group a large number of conductors 

tliey should be insulated on porcelain supported on iron racks. 

41 
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as shown in Fig. 43, rather than bunched. A non-combustible 
rack can be constructed from small angle or channel structural- 
steel sections. If the rack 
is made in accordance with 
the method indicated in 
Fig. 43 and detailed in Fig. 
44 the porcelain cleats can 
be clamped to the rack 
with stove bolts which pass 
through the slots arranged 
for their reception. No 
drilling is necessary for the 
accommodation of the 
bolts. Many variations of 
this steel rack construction 
are possible. A splendid 
example of steel rack con- 
struction is shown in Fig. 
45. A pipe-clamp support 
for wiring cleats and the 
fittings used in connection 
with it are shown in Fig. 
Fig. 46. — Pipe support for conductors, 4Q 

26. %IV. CONDUCTORS. Flame proofing must be stripped back 
on all cables a sufficient amount to give the necessary insulation distances 
for the voltage of the circuit on which the cable ia used. 

At tenninals the flame- 
proof covering of cables 
should be stripped back, as 
shown in Fig. 47, to prevent 
an are-over from the terminal 

lug or conductor, A, to the 

flameproof covering F, which ■co/K/ucfuri 

is a reasonably good con- Fig. 47. — Illustrating method of 

ductor. The iiameproofing f„TiS •^"■"''" " 

should be stripped back for 

such a distance D so that this distance wUI be equal to the 

"'fsarance distance Di required between conductors of oppo- 
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site polarity at the voltage under consideration. These clear- 
ance distances are specified in Rule 696, '' Spadngs" For 
example, on a 125-volt circuit, if the terminal lugs of Fig. 47 
were mounted on a surface, the distances D and Di should 
be ^ in. but if they were held free in air, D and Di could be 
3^ in. For 250 volts, the clearance distances specified are 1 
yi in. and % in. when supported on a surface and when held 
free in air, respectively. 

2c. If/. CONDUCTORS. Must, where not in a conduit, be kept so 
rigidly in place that they cannot come in contact. 

Conductors from generators to switchboards, rheostats or 
other instruments and thence to outside lines, must, whether 
bare or insulated, be securely supported where they are not 
in conduit. These requirements can be satisfied through the 
use of approved insulating supports which should, to be in 
accordance with the best practice, be held in non-combustible 
racks similar to those suggested in Figs. 43, 45 and 46. 

2d. V' CONDUCTORS. Must in all other respects be installed 
with the same precautions as required by rules in Class "C" for wires 
carrying a current of the same volume and potential. 

2e. If/. CONDUCTORS. In wiring switchboards the ground de- 
tector, voltmeter, pilot lights and potential transformers must be con- 
nected to a circuit of not less than No. 14 B. & S. gage wire that is pro- 
tected by approved fuses. This circuit is not to carry over 660 watts. 

Approved fuses should be used in switchboard wiring instal- 
lations to protect the instrument "circuits." For example, 
in Fig. 48, fuses are shown at F and T^i for the protection of the 
voltmeter and of the ground-detector lamps. Fig. 49 shows 
the wiring of an alternating-current switchboard in which Fi, 
F%j Fzi and Fa are fuses protecting the ground-detector and 
voltmeter circuits which are served through the potential 
transformer P. Although wire smaller than No. 14 would in 
many cases be large enough to cairy the currents of these 
instrument circuits without excessive heating, wire smaller 
than No. 14 should not be used because it would not have 
sufficient mechanical strength to insure against frequent acci- 
dental breakage. 
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2e. H//. CONDUCTORS. For the protection of iiiBtrumeats and 
pilot lights on switchboarda, approved N. E. Code Standard Enclosed 
Fuses are preferred, but approved enclosed fuses of other designs of not 
over two (2) amperes capacity, may be used. 

Fuses for the protection of switchboard instruments and 
pilot-light circuits can be obtained in several designs, certain 
manufacturers having developed special fuses for this service. 
A very satisfactory arrangement for protecting switch- 
board-instrument circuits is that of Fig. 50. This comprises a 




Fio. 48. — Fuse protection for Fio. 49. — Fuse protection on in- 

voltmeter and ground detector strument circuit of an altemating- 
on a direct-current switchboard. current switch-board. 

specially designed Edison fuse plug and an Edison plug cut- 
out which are arranged to accommodate the ferrule type 
0-30 amp., 250-volt, National Electric Code Standard 

{Rule 68) fuse. The feature of this fuse plug casing and plug 
cut-out (which are made by the Bryant Electric Company) is 
that they have left-hand instead of the usual right-hand screw 
threads on the casing and in the shell. The ordinary Edison 
plug fuse casings and Edison plug c ut-outs, which are approved 
for pressures only up to 125 volts because of the fact that 
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EdisoD plug fuses may be used in them, have standard right- 
hand threads. Edison plug fuses are not safe nor approved 
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currence of stubborn short-circuits across such unprotected 
conductors. It is obvious, therefore, that switchboards 
should be installed as far distant as possible from combustible 
material and that they should be erected in dry locations. It 
is desirable that the floor under the switchboard be of cement, 



I-ReorView H-Section 

Fig. 52,— a neatly arnuiged switchboard iDstallstion. 

brick, or other non-combustible material. Figs. 51 and 52 
illustrate good examples of safe switchboard installations. 

3a. 1//. SWITCHBOARDS. Switchboards must not be built up to 
the ceiling, a, apace of three feet being left, if possible, between the ceiling 
and the board. The space back of the board must be kept clear of rub- 
bish and must not be used for storage. 

Clear space should be provided all around switchboards to 
minimize fire risk. — -It is for this reason that it ie inadvisable 
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to extend the boards to the ceiUng because the space thus 
enclosed between the top of the boards and the ceiling would be 
likely to contain a number of concealed conductors ^herein a 
fire might readily be started. It is for the same rcEiaon that 
nothing except the electrical apparatus constituting part of the 
switchboard equipment should be permitted in the space back 



Fio. 53. — A well arranged angle-iron-frame switchboard. (Alter- 
nating~curre&t switchboard ia the Media aubstation of the Philadelphia 

Electric Co. Courteey Currenl News.) 

of the board. Fig. 53 shows an example of a well-arranged 
switchboard which is of the skeleton type, comprising insulat- 
ing slabs mounted on an angle-iron frame. 

Must be made of non-combuBtible 

Combustible materials should not be used in switchboard 
construction because of the fire risk always involved, as out- 
lined in preceding paragraphs. Modern switchboards com- 
prise slate or marble panels mounted on structural-steel or 
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iron-pipe frames. A skeleton metal-frame switchboard like 
that of Fig. 53 constitutes a sensible, neat, and economical 
arrangement. 

3c. H/. SWITCHBOARDS. Must be accessible from all sides when 
the connections are on the back, but may be placed against a brick or 
stone wall when the wiring is entirely on the face. 

Access to switchboards from all sides is desirable not only 
because of the fact that such access permits of ready installa- 
tion and repair, but also be- 
cause fires, provided they oc- 
cur, may then be readily ex- 
tinguished. Obviously, if the 
wiring and "Uve" parts are 
all on the front of the switch- 
board, as they sometimes 
are on small boards, there is 
no reason why the panel 
should not be mounted di- 
rectly against a non-combus- 
tible wall. However, where 
the wall is of wood, the panel 
should be mounted some dis- 
tance from it as shown in 
Pig. 54, and such a mount- 
ing is desirable, even if the 
wall is of non-combustible 
material. 
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H- Elevci+ion 

Fig. 54, — Small panel supported 
on wall. 



3c. VI- SWITCHBOARDS. If the wiring is on the back, there must 
be a clear space of at least eighteen inches between the wall and the ap- 
paratus on the board, and even if the wiring is entirely on the face, it is 
much better to have the board set out from the wall. 

A clearance of at least 1 ft. 6 in. between the wall and the 
furthest extending apparatus on the back of the switch- 
board is required for boards which have wiring on their backs. 

This 1 ft. 6 in. is the minimum clearance permissible. It is 
customary to provide a wider space. A clear space of at least 
3 ft. is desirable particularly for switchboards for voltages 

48 



Class a 



SWITCHBOARDS, ETC, 



Rule 3^ 



exceeding 250. It is frequently necessary to make alterations 
or repairs behind a switchboard while the board is "hot," that 
is, while it is in service, and at such times it is advisable, both 
from the standpoint of life hazard and time economy that the 
wiremen have plenty of room in which to work. A clearance 
of 5 ft. between the back face of the board and the wall is none 
too much for the average installation. 

The enclosing of the space back of the board with metal 
lattices is sometimes desirable in that it precludes the storage of 
rubbish back of the board and prevents unauthorized persons 
from entering this space. Since the door in the lattice should 
be kept locked it may prevent the switchboard attendant from 
getting back of the board quickly in case of an accident there. 
Because of this condition it is not usually the practice in modern 
plants to thus enclose the space back of a switchboard. 

3d. 1[/. SWITCHBOARDS. Must be kept free from moisture. 

Where a switchboard is installed in a location where it might 
be subjected to moisture provision must be made to prevent 
the moisture from reaching the 
board. Not only does the mois- 
ture tend to corrode switch jaws 
and contacts but it collects on 
the conductors and switchboard 
surfaces and may thereby pro- 
mote the formation of short-cir- 
cuits and grounds. Switch- 
boards should not, therefore, 
be erected near windows that 
remain open or under or near 

steam pipes or water pipes upon San^-^SSSfeald. 
which condensation collects. 

Where there is any possibiUty of moisture dropping from 
above on a switchboard, a canopy similar to that suggested 
in Fig. 55 should be arranged for its protection. 

3e. V' SWITCHBOARDS. Wires with inflammable outer braiding, 
when brought close together, as in the rear of switchboards, must, when 
required, be each surrounded with a tight, non-combustible outer cover. 
4 49 
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Non-combustible outer coveiings should be provided for 
conductors where they are bunched together back of switch- 
boards in a manner similar to that described under Rule 2b, 
\in in a preceding paragraph for bunched generator leads. 

3e. H//. SWITCHBOARDS. Flame proofing must be stripped back 
on alt cables a sufficieat amount to give the necessary insulation distances 
for the voltage of the circuit on which the cable is used. 

Flameproofing must be stripped from the switchboard con- 
ductors at terminals for the reasons outlined under Rule 2b, 
^IV, in a preceding paragraph in connection with generator 
conductors, and as illustrated in Fig. 47. 

4. RESISTANCE DEVICES. 

(for amatmction rules see Nos. 78 and 79.) 

4a. li. RESISTANCE DEVICES. Must be placed on a switch- 
board, or at a, distance of at least one foot from combustible material, 
or separated therefrom by a slab or panel of non -combustible, non-absorp- 
tive, insulating material such as state, soapstone or marble, somewhat 
larger than the rheostat, which must be secured in position independently 
of the rheostat supports. Bolts for supporting the rheostat shall be 
countersunt^ at least one-eighth inch below the surface at the back of 
the slab and the bolt heads shatl be covered with insulating material. 
For proper mechanical strength, slab should be of a thickness consistent 
with the sisie and weight of the rheostat, and in no case to be less than one- 
half inch. 

Resistance devices comprise rheostats, resistors, motor 
starters, controllers, regulators, arc lamp compensators, and 
xr™ft.n., similar appliances. A typical 

direct-current starting rheo- 
stat is illustrated in Fig. 56, 
Practically all apphances of 
this type develop and radiate 
& certain amount of heat when 
they are in operation. The 
amount of heat generated is 
determined, to a great extent, 
by the severity of the service 
F,., J6.-Typ».l.l.rti„i!rheo.l.t. j^p^^j under unusually 

severe conditions a resistance device may become excessively 
hot, even red hot in extreme cases, and may throw off sparlra 
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or particles of red hot metal when its controlling lever is 
moved. A consideration of this fact indicates that any re- 
sistance device constitutes a source of fire risk and that every 
precaution should be taken in its installation to protect 
against possible dangers from this cause. 

Individual insulating bases, Fig. 57, should (where the resist- 
ance device is supported on a surface of combustible material) 
be provided between the burnable material and the resistance 
appliance. Such a base should extend at least 2 in. or 3 in. 
beyond each side of the resistor frame, that is, the insulating 
base should be at least 4 in. longer and 4 in. wider than the 
face of the device which rests against the insulating slab. 
Although slabs are permitted of a minimum thickness of 3^ in., 
no slab should be thinner than 1 in. and 1}"^ in., is a more satis- 
factory thickness in that it will 
practically insure against break- 
age under ordinary conditions. 
Slate, free from metallic vein- 
ings is, for low voltages, a bet- 
ter material for such slabs than 
marble, because it is stronger. 
The screws or bolts holding the 
device to its insulating base can F^^- 57.— lUustrating method of 

, , _ , ° . _. supporting rheostat. 

be countersunk as shown m Fig. 

57. The plugging of these countersunk holes after the 
bolts are in place with sealing wax or similar material is 
to prevent the possibility of the bolts contacting with the 
conducting supporting surface and thereby grounding the 
frame of the resistance device. 
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4ca. VI' RESISTANCE DEVICES. If resistance devices are in- 
stalled in rooms where dust or combustible flyings would be liable to 
accumulate on them, they must be equipped with dust-proof face plates. 

Dustproof covers should be provided on resistance devices 
in&talled in certain locations. Where the air is laden with 
dust, flying lint, or other combustibles, it is apparent that there 
is a possibiUty of the arcs, which are almost always produced 
when the rheostat lever is pulled across its contacts, igniting 
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these particles and causing a fire. If a dustproof cover ia 
provided for the rheostat as shown in Fig, 58, the possibility 




1-Rheo»tot Ready Id Attach Ctwer I- Riee-Plate Co»«r in Place 

Fig. 58. — Rheostat face-plate cover. 

of such an accident is minimized. The "live" lever of the 
rheostat and its contact buttons are enclosed within the 
presaed-metal cover, but a "dead" operating lever, which 



Fio. fiSa. — A cabinet tor a Htarting rheostat located in a dirty place. 
(It would be bett«r construction if the fused switch shown were of the 
type and arranged as diagrammed in Fig. 201, //, so that its blades would 
be dead when open and ho that the fuses would protect the switch.) 

engages with the contact lever, ia accessible from the outside. 
The cover is supported on four studs and can be removed and 
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replaced readily when it is desirable to inspect the contacts 
or the operating arm. 

In general, enclosures for starting devices should be steel 
boxes, and should be ventilated and waterproof. Snap 
switches — which are enclosed — should be used in preference 
to knife switches for small motors. 
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Si is closed and current will flow through the Bolenoid coil. 
The solenoid will thereby become taagnetized and pull the 
plunger up. This raiaea the contact spring into contact with 
Ct and d. This permits current to flow through the arma- 
ture circuit (indicated by heavy hnes) in which the starting 
resistance is arranged in aeries. The solenoid coil continues 
to pull on the plunger and draws the contact spring up, bridg- 
ing it successively across each pair of contact blocks, thereby 
cutting the reaiatance out of 
the armature circuit. This 
permita the motor to attain 
normal speed. As the con- 
tact spring reaches the top 
position across d and Ct, 
^ whereby all of the resistance 
is cut out of the motor cir- 
cuit, the upper end of the 
Fio. 69.-IncMide»cent lamp used plu^ger P simultaneously 
aa a protective reaistor. raises the contact diak A, 

which connecta the incan- 
descent lamp in series with the solenoid. 

The introduction of the resistance of this lamp limits the 
current through the solenoid. 

Example. — Assume that the resistance of the lamp is 220 
ohms and the resistance of the coil of the solenoid is 5 ohms. 
Before the contact disk was raised the current through the 
aolenoid coil on this 220-volt circuit was: 220 volta -^ 5 ohma, 
or 44 amp., a relatively large current. This current is capable 
of raising the plunger against gravity and overcoming the 
friction of the contact spring against the contact blocks. 
However, with the contact disk A raised, the resistance in the 
cucuit is: 5 ohms + 220 ohma = 225 oAms, and then the cur- 
rent through the solenoid coil is 0.98 amp. This small current 
would not be capable of raiaing the aolenoid plunger, but is 
capable of holding it in place after it ia raised. Furthermore, 
while the solenoid coil is capable of carrying this current of 
0.98 amp. indefinitely without excessive heating, it would not 
be capable of carrying indefinitely the current of 44 amp. which 
was required for raising the plunger. 

A dash pot (not shown) is provided on these automatic 
64 



Class a 



SWITCHBOARDS, ETC. 



Rule 4c 



resistance devices to prevent the plunger from raising too 
suddenly under the action of the energized solenoid. Note 
also that through the application of the protective resistance 
there is a saving of electrical energy. 

46. VL RESISTANCE DEVICES. When so used, lamps must be 
mounted in porcelain receptacles upon non-combustible supports, and 
must be so arranged that they cannot have impressed upon them a voltage 
greater than that for which they are rated. They must in all cases be 
provided with a name-plate, which shall be permanently attached beside 
the porcelain receptacle or receptacles and stamped with the wattage and 
voltage of the lamp or lamps to be used in each receptacle. 

46. 11777. RESISTANCE DEVICES. Under special authorization 
in writing, given in advance, mcandescent lamps may be used for the 
purpose of resistances in series with other devices when mounted in porce- 
lain receptacles upon non-combustible supports and so arranged that 
they cannot have impressed upon them a voltage greater than that for 
which they are rated. 

An example of incandescent lamps used for resistance is 
shown in Fig. 60, wherein a group of five lamps is inserted in 
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Fig. 60. — Incandescent lamps used as resistors. 

series with a small storage battery across a 100-volt circuit to 
reduce the circuit voltage to one suitable for charging the 
battery. The method of mounting the porcelain lamp re- 
ceptacles on a non-combustible slate base is shown at //. 
Receptacles designed for 220 volts should never be used oh 
circuits of pressures greater than this, and receptacles con- 
structed in accordance with 660-volt requirements should 
never be used on circuits operating at voltages in excess of 600. 

4c. If/. RESISTANCE DEVICES. Wherever insulated wire is used 
for connections between resistance elements and the contact device of a 
rheostat, the insulation must be non-combustible or "slow-burning." 
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For large rheostats and similar resistances where the contact devices are 
not mounted upon them the connecting wires having "slow burning" 
insulation may be so arranged in groups that the maximum difference of 
potential between any two wires in any group shall not exceed seventy- 
five volts. E^ch group of wires must either be mounted on non-combus- 
tible, non-absorptive insulators giving at least one-half inch separation 
from surface wired over, or, especially where it is necessary ta protect 
same from mechanical injury, each group of wires may be encased in 
approved flexible tubii^ and placed in approved conduit, the flexible 
tubing to extend at least one inch beyond the ends of the conduit. 

The wirii^ between the resistance elements and the con- 
tact device of a rheostat is shown in Fig. 61. All of the con- 



Fio. 61. — Wiring between resistor group and face plate. 

duetors, C, have slow-burning insulation. The maximum 
voltage possible across this rheostat is 110, but the conduct- 
ors are divided into two groups, A and B. Obviously, the 
maximum potential difference in either of the groups is 55 
volts. Thus the requirements of the Ruleic, ^I, are more than 
satisfied. Group B is clamped in a porcelain cleat which 
supports it J^ in. from the surface wired over. Group A is 
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5a. \I, LIGHTNING ARRESTERS. Must be attached to each 
wire of every overhead circuit connected with the station. 

Lightning arresters on pole lines, should, on low-potential 
lines be installed about as shown in Fig. 62. In localities 
subject to lightning disturbances it pays to locate arresters 
not only at the station but at numerous points along the Une. 
The function of these Une Ughtning arresters is to protect the 
transformers, if there are such, and the service wires to the 

buildings and to intercept 
the static disturbance cur- 
rent before it travels along 
the line to the station. It 
^. - ^ is considered good practice 

f(nobs:: 11 Troi/ei^ Wire to place the arresters at in- 

tervals along the line of 
from 1,500 ft. to 2,000 ft., 
more or less. Where an 
overhead line joins an xmder- 
ground cable, an arrester 
should be located within 200 
ft. of the junction. It is 
desirable, where possible, to 
place Une arresters at points 
where several overhead Unes 
join because then a discharge 
intercepted by any one of 
the lines may reach ground 

Fig. 63.-Lightning arrester ground through the arrester, 
on an overhead trolley line, wrought- It is claimed by the Gen- 

gToVd?'^ ^^^^ ^"^ ^""^ """"^^ *^^ «ral Electric Company that 

effective protection of dis- 
tributing transformers against Ughtning and static distur- 
bances can be attained only through the installation of a 
suitable lightning arrester on each wire of the transformer 
primary circuit, on the pole on which the transformer hangs. 
It is asserted that if a Ughtning arrester is located even one pole 
away, the difference of potential stress on the transformer 
due to a Ughtning. disturbance may be double that which 
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would obtain were the arrester on the same pole with the 
transformer. Fig. 63 illustrates one method of installing a 
lightning arrester for the protection of a trolley wire; the 
ground-pipe cap and point used in this installation are illus- 
trated in Fig. 156 and the method of their application is dis- 
cussed in the accompanying text. 

56. V. LIGHTNING ARRESTERS. Must be located in readily 

accessible placea away from combustible materials, and as near as prftc- 
ticable to the point where the wires enter the building. 

In locating station lightning arresters it is obvious that they 
should be placed as close as possible to where the conductors 
protected enter the building so that the unprotected wiring 



within the building will be a minimum. Frequently there ia 
formed, particularly with arresters of certain types, a destruc- 
tive and vicious arc when a lightning current passes to ground 
through the arrester. It is for this reason that inflammable 
materials should not be permitted to remain near an arrester. 
Fig. 64 shows diagrammatically a typical lightning arrester 
installation. Only one wire of the circuit is indicated but all 
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of the wires of the circuit should be protected as shown. Note 
that the ground connection comprises plate, pipe and water 
main grounds. 

66. 1[77. LIGHTNING ARRESTERS. In all cases, kinks, coils and 
sharp bends in the wires between the arresters and the outdoor lines must 
be avoided as far as possible. 

The lead connecting a lightning arrester between the line 
and ground should be as straight as feasible, because curves, 
bends or twists may introduce exceedingly great opposition 
to the lightning-discharge currents in the circuit. For ex- 
ample, the lead AC, Fig. 64, to ground is shown as straight as 
it is possible to make it. Obviously, therefore, lightning arrest- 
ers should not, as a rule, be mounted on switchboards but 
should be independent thereof and as suggested in a preceding 
paragraph, and located as close as possible to the point where 
the conductors enter the building. 

5c. 1[/. LIGHTNING ARRESTERS. Must be connected with a 
thoroughly good and permanent ground connection by metallic strips 
or wires having a conductivity not less than that of a No. 6 B. & S. gage 
copper wire, which must be run as nearly in a straight line as possible 
from the arresters to the groimd connection. 

The importance of effective ground connections for light- 
ning arresters can scarcely be over-estimated, because ex- 
perience has shown that the resistance of the ground or earth 
connection may largely determine the effectiveness of a Ught- 
ning-protection equipment. 

A lightning-arrester ground lead, that is, the conductor or 
wire, for example, AC or ACD, Fig. 64, in which the arrester is 
connected between the Une and ground, may from a theoret- 
ical standpoint be of practically any reasonable cross-sec- 
tion, or of practically any metal. However, since all other 
metals are either too expensive or corrode too readily, copper 
is the only material that should be used for ground wires in 
central stations and it is advisable, where it is feasible, to 
always use copper elsewhere. Theoretically, the greater the 
exposed surface of a conductor for a given cross-section, the 
better carrier it should be for lightning-discharge currents. 
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It follows, therefore, that raetal strap or tubing (see foHowing 
paragraph) is better, theoretically at least, than round wire 
for this purpose. However, experience has shown that round 
copper wire, provided it is not too small, will usually answer 
all requirements. 

. A wiie smaller than No. 6 A. W. G. should never be used 
for a lightmng-arrester grotmd conductor because this size 
provides the minimum mechanical strength and conductivity 
advisable. It is better to use larger ground wires, particularly 
in important installations. In many cases a ground lead of 
No. A. W. G. wire is used. This would be equivalent to a 
copper strap }i in. by ^^2 in- (approximately). Ground 
leads of drawn-copper tubing have been used to some extent 
in important installations. Since skin effect may be pro- 
nounced in a conductor 
carrying a lightning- 
discharge current, the 
metal at or near the 
center of a solid cylin- 
drical conductor may be 
ineffective in conveying 
the current. It follows 
that instead of using 
Bohd conductors, it is 
better, theoretically, to 
use tubular conductors so that the maximum amount of 
metal in the conductor will be effective. The tubular con- 
ductor has the advantage of being stiffer with a given weight of 
metal than a soUd one. However, tubular conductors some- 
times offer mechanical disadvantages and are not, usually, as 
readily installed as those of stranded cable. 

Ground connections for lightning arresters may be made in 
accordance with any one of a number of methods which are 
described and illustrated under Rule 15c, d, etc. Information, 
given under Rule Ic, %I, relating to the grounding of gen- 
erator frames may also be of interest. 

A typical mult^ile-connection ground for central-station 

li^tning arresters is shown in Fig, 65. The multiple-pipe 
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arrangement illustrated is described in detail under Rvle 
15g, H V, Note. The 12 ground rods, each about 10 ft. long, 



Fio. 66. — Assembly of lightning-arrester installation. (ThiB illustra- 
tion shows the ground wire protection extending only 6 ft. above the 
ground although Rule 15e, ^I, apeciRea 7 ft.) 

are distributed around the outside of the station and are inter- 
connected by a length of heavy strap copper or copper wire. 
Each of the ground pipes should be driven and prepared as 



Fig. 67.^ — Ijgbtning arresters and ground wire inside of building, 
described and illustrated under Rule I5g, KF, Note. Note that 
auxiliary connections are attached to the steel framework of 
the building, to the water-pipe system, and to the steel penstock. 
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A complete lightning-arrester and ground-connection in- 
stallation for a 250-volt industrial plant is shown in Fig. 66. 
The ground wire connecting the two arresters is carried down 
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Fig. 68. — Wooden molding for protection of lightning arrester ground 
wire. (This molding should be 1 ft. longer to comply with the require- 
ments of Rule 15e, 1[/, iVote.) 

inside of the building, Fig. 67, to a point iV, Fig. 66, where it 
is brought through the wall and led down the outside of the 
building to the ground plate. The ground wire is clamped 
to its supporting surface by brass clips, spaced 2 ft. between 
centers, down to a point with- 
in 7 ftl from the sidewalk level. 
From this location it is pro- 
tected to a point 2 ft. below (^r^ien-h- 
the sidewalk level by wooden 
molding, Fig. 68. The func- 
tion of the molding is to pro- 
tect the conductor from me- 
chanical injury and to prevent 
the accidental contact of pedes- 
trians with the ground wire, 
which may under certain con- 
ditions become charged and , Fi«- ^9;— I'o'^c^lain^^b^ ^^.^ 

, , - fi. T^. /»«. to protect ground wire where it 

thereby endanger life. Fig. 69 passes through wall. 
details the method whereby 

the ground lead was carried through the wall at the point 
tf. Insulation of the ground lead from the wall is, of course, 
not necessary, but the porcelain tubes were used to prevent 
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moisture from entering around the lead, and to give the wire 
an " official'' appearance to prevent interference by unau- 
thorized persons. 

5c. VI' LIGHTNING ARRESTERS. Ground wires for Ughtning 
arresters must not be attached to gas pipes within the buildings nor be 
run inside of iron pipes. 

Ground wires should not be connected to gas pipes within 
buildings because there is always the possibiUty of a spark 
or arc between lengths of a gas pipe so connected, due to a 
faulty coupling or a rusty joint. Such an arc might ignite 
the gas and cause a fire. Furthermore, the discharge might, 
instead of following around the metal work of a meter, jump 
directly across portions of it and cause an explosion. 

Ground wires should not be run inside of iron pipes unless 
the ground wire is electrically connected to the tube at the 
point where the conductor enters it. If the electrical con- 
nection is omitted, the iron pipe encasing the wire will greatly 
increase the reactance of the ground lead, thereby causing it 
to have immense opposition to the high-frequency Ughtning- 
discharge currents. 

6d V' LIGHTNING ARRESTERS. All choke coils or other at- 
tachments, inherent to the lightning protection equipment, shall have an 
insulation from the ground or other conductors equal at least to the in- 
sulation demanded at other points of the circuit in the station. 
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Fig. 70. — Choke coils for high- and low-tension service. 

The function of a choke coil (see Figs. 64 and 70) is to pro- 
vide a certain amount of reactance in a circuit between the 
outside line and the apparatus which the Ughtning arrester 
is to protect. Reactance offers great opposition to Ughtning- 
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discbarge currents and hence tends to force them to take a 
path through the lightning arrester to ground, rather than 
through the apparatus in the station to grouod. 

Choke coils must be thoroughly insulated. The insulation 
may, for a low-voltage choke coil, be provided by the base on 
which the coil is mounted. High-tension choke coils are sup- 
ported on insulating pillars as shown at Fig. 70, //. The 
choke coil is always, as shown in Fig. 64, connected directly 
in the lino. Henco it is at hne potential whenever the circuit 
is "alive." 

6. CASE AND ATTENDANCE. 

60. V- CARE AND ATTENDANCE. A competent man must be 
kept on duty where generatoTS are operating. 

66. V- CARE AND ATTENDANCE. OUy waste must be kept in 
approved waste cans and removed daily. 

Aa approved oily waste can is shown in F^. 71. A spring 
is provided which makes it impossible for the cover to remain 
open unless it is forcibly restrained. 



I- Perspective view D- Section 

Fia. 71. — Approved "Safety" can for oily waste. 

7. TESTING OF INSDLATION RESISTANCE. 

7a. H/. TESTING OF INSULATION RESISTANCE. All circuits 
except such as are permanently grounded in accordance with No. 16 
must be provided with reliable ground detectors. Detectors which indi- 
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cate continuously and give an instant and permanent indication of a 
ground are preferable. Ground wires from detectors must not be at- 
tached to gas pipes within the building. 

Accidental grounds on wiring or distribution systems are 
likely to occur in spite of all precautions. In practically 
every electric wiring or distribution system there are certain 
conductors which should normally be free of all connection 
with the earth, that is, free from grounds. In installing such 
systems every reasonable effort is ordinarily made to prevent 
such connection — accidental or otherwise — ^between the sys- 
tem and the earth. Such connection may occur directly be- 
tween the wiring system and the earth, or it may be due to 
the contact of some member of the wiring system with a con- 
ductor which connects with the earth. Thus porcelain or 
glass insulators should be used to support conductors away 
from the surface on which they are carried or from adjacent 
objects, and porcelain tubes are used where the conductors 
pass near pipes or through walls or partitions. Furthermore, 
rubber-insulated conductors only should be utiUzed in con- 
cealed locations. In conduit work rubber-insulated con- 
ductors are used to prevent the grounding of these conductors 
on the metallic conduit system, which is itself connected with 
the earth. 

In spite of precautions, electrical conductors which should be 
normally insulated from ground sometimes contact with it. 
These accidental grounds may occur where insulated wires 
have become displaced or Ue against damp walls or timber, or 
against some piece of metal work which is in contact with the 
earth. Ordinarily one ground on a wiring system wiU produce 
no adverse effects but if another ground occurs on the other 
side (that is, on a conductor of the opposite polarity) of the 
system then a short-circuit or current leakage will result and 
interruption of service and fire may possibly follow. 

The function of a ground detector. — It is obvious then that 
it is always desirable to keep a system entirely free of grounds. 
The function, therefore, of a ground detector is to indicate 
when a ground occurs on a system so that it may be cleared 
immediately. 
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Low-voltage ground detectors may be divided into two 
general classes. — Incandescent lamp detectors, Fig. 72, and 
voltmeter detectors, Fig. 73, 77. Each of these types will be 
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Fig. 72. — Lamp ground detectors for two- and three-wire circuits. 

briefly discussed in the paragraphs which follow. For a more 
complete description see the author's American Electri- 
cians' Handbook. 
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Fig. 73. — ^Three-phase circuit and voltmeter ground detector. 

Ground detectors should, as a rule, remain continuously 
in circuit, because if they are so arranged that they may be cut 
in and out of circuit it is quite possible that one ground may 
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occur on the system and not be noticed until another ground 
occurs on a wire of opposite polarity, in which case a short- 
circuit, with the attendant dangers outUned above, might 
result. It is for these reasons that ground detectors employing 
incandescent lamps are, where their appUcation is feasible, 
probably better than a voltmeter ground detector, because 
ordinarily the lamps can be so connected that they will 
remain continuously in service, whereas voltmeter ground 
detectors are usually so connected that they are switched in 
and out of circuit. 

The principle of the incandescent lamp ground detector is 
illustrated in Fig. 72, I, which shows the connection for the 
simplest possible arrangement. Note that two lamps Li and 
L2 are connected in series, through a cut-out, across the bus 
bars or across some portion of the distribution system which 
the ground detector is to protect. From point A between the 
two lamps, a permanent ground connection is made to C. 
Obviously since the two lamps, Li and L2, are connected in 
series across the bus bars, current will be forced through them 
from F around to Bi and the lamps will burn. If two 110-volt 
lamps are used in series as shown in the iUustration, half 
the normal current will flow through them and hence both of 
the lamps will burn dimly. 

Example. — ^Assume that an accidental ground (Fig. 72) 
occurs at any point, E, on one of the negative wires of the 
wiring system with which the ground detector is associated. 
Then there is a conducting path from the positive bus bar to 
the negative bus bar, as shown by the dotted arrows, that is 
from F around to B2, thus: FLiACDEB^- Now, if the acci- 
dental ground, EDy is of reasonably low resistance, the 
effect is that the lamp Li is connected directly between the 
positive and the negative bus bars and hence will burn at 
practically fuU brilliancy. It should be noted that incandes- 
cent lamps have relatively high resistances. For example, a 
16-c.p., 110-volt lamp has a resistance of about 220 ohms. 
Now the path ACDE, really constitutes a low-resistance shunt 
around the high-resistance lamp L2 so that practically no cur- 
rent will flow through it and it will not give out light. 

Hence with a ground on one of the negative wires of the wir- 
ing system, the ground lamp connected directly to the positive 
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bus bar will burn brightly and the lamp connected to the nega- 
tive bus bar will go out. If a ground occurs on the positive 
side of the system the lamp connected directly to the negative 
side of the system will burn brightly and the other one will 
go out. If the accidental ground ED on the system is of high 
resistance, the lamp L2 will not be extinguished entirely but 
may burn dimly at an intensity proportional to the resistance 
of the ground ED. The general principle thus outUned is the 
one upon which practically all types of lamp ground detectors 
depend for their operation. 

Two-wire circuit lamp ground detectors can be arranged 
substantially as shown in Fig. 72, 7, for either direct- or alter- 
nating-current circuits. 

A three-wire circuit lamp ground detector is shown in Fig. 
72, II. With the circuits arranged as shown, if a ground 
occurs on the negative leg of the system, all three lamps, 
A, B and C, will burn brightly. With a ground on the neu- 
tral conductor of the system, lamp C will be dark and A and B 
will burn dimly. With a ground on the positive leg of the 
system, C will burn brightly, but A and B will be dark. Lamp 
A may be mounted on the back of the switchboard or in some 
location where it is not visible, inasmuch as with only lamps 
B and C visible the attendant will be notified of grounds on 
the system. For a 125-150-volt three-wire system, use for 
A, B and C three 110-volt lamps. For a 250-500-volt three- 
wire system, use three 220-volt lamps. 

A lamp ground detector for a three-phase system is shown 
in Fig. 73, 1. The lamps are connected in star, one lamp be- 
tween each of the phase conductors and ground. If a ground 
occurs on any phase-wire the lamp connected to that wire 
burns dimly and the other two lamps burn brightly. 

Sensitiveness of Ground Detector Lamps. — ^In some labora- 
tory tests of a two-lamp detector made with two ordinary 
110-volt, 16-c.p. lamps, the sensitiveness indicated in the fol- 
lowing table was found. 

This shows that the lamp detector, while it will not indicate 
extremely small leaks, will show any leak that is Ukely to be 
dangerous from a fire standpoint. 
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Difference in brightness of lamps 

* 


Inmlation resistance, ohms 


Just noticeable in rather dark place 


2,700 


Easily detected 


1,700 
500 

vvvr 


One lamp red, other bright'. 







Sensitiveness of Ground Detector Lamps on a Three-wire 
Circuit. — This table shows the sensitiveness obtained in some 
laboratory tests, using ordinary 220-volt, 16-c.p. lamps. 



Difference in brightness of lamps 


Insulation resistance, ohms 


Positive 


Negative 


Neutral 


Just noticeable in rather dark place 


18,^00 
9,000 
3,800 
2,400 
1,200 


8,900 
6,600 
3,300 
1,400 
700 


3,700 


Easily detected 


2,600 


One or two lamps dull red, others bright 

One or two lamps faint red, others bright 

One or two lamps just out, others bright 


500 





Voltmeter ground detector connections are shown for a 
two-wire circuit in Fig. 73, 77. By changing the position of 
the blades of switch S the voltmeter may be connected across 
the bus bars of the system, thus indicating the station voltage, 
or it can be connected between either of the bus bars and 
ground. Assume, for example, that the voltage between the 
bus bars is 110, and that an accidental ground ZG occurs on 
the negative side of the system. Then with the lower switch 
lever in the dotted position Si and the upper switch lever in 
the position shown, the voltmeter will be connected by the 
accidental ground directly across the buses. Current would 
flow through the voltmeter by way of the route, ABCVDSiE 
FGZH. Therefore, if the resistance of the accidental con- 
nection ZG were very low, the voltmeter would read practically 
110 volts. If the resistance of the accidental ground con- 
nection were high, the voltmeter would indicate a correspond- 
ingly low reading. Thus it is possible to estimate the resist- 
ance of an accidental ground from the reading of the voltmeter 
connected as^shown. 
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Example. — ^Assume a voltmeter which has a resistance of 
10,000 ohms gives a reading of 100 volts when connected across 
a 100-volt circuit. Then If this same voltmeter gives a read- 
ing of 50 volts when connected in series with an accidental 
ground across a 100-volt source, it is evident that the total 
resistance in this circuit must be twice the resistance of the 
voltmeter itself, or 20,000 ohms. Obviously, then, the resist- 
ance of the ground is 10,000 ohms. Other values may be 
computed by using the method of proportion just indicated. 
A schedule can be tabulated from these computations indi- 
cating the resistance of a ground for certain scale deflections — 
say 6 volts apart — of the voltmeter. 

A special ground-detecting voltmeter designed for con- 
tinuous operation and arranged with a pointer moving on each 
side of a zero point, so that the presence of ground on either 
side of the system will be automatically indicated, can be 
obtained. Such a detector is the best instrument for all 
direct-current work where the voltage is too great for the 
appUcation of any form of lamp detector, as, for instance, on 
series arc-light circuits. The special instrument is better 
than an ordinary voltmeter arranged as in Fig. 73 as it can be 
connected in circuit continually and hence is entirely auto- 
matic in its indications. 

Ground Detectors for all Ordinary Low-voltage Single- 
phase Alternating-current Systems. — The lamp detectors 
above described may be used with good results. 

Ground Detection on Alternating-current Systems where 
the Voltage is too High toPemut the Use of any of the Methods 
Previously Described. — Excellent results can be obtained 
where direct current is available by testing the Une with a 
direct-current voltmeter, as in Fig. 73, 11. This can be done 
only while the high voltage is cut off. If direct current is not 
available, the Une may at frequent intervals be tested out 
with a powerful testing magneto when the voltage is off of the 
system. With extra-high-voltage circuits there is usually 
either no ground or else a fairly good one, so that either of 
these two methods may be used to advantage. 

Commercial Ground Detectors for High-voltage Circuits. — 
There are instruments on the market especially designed for 
ground detection on high-voltage circuits. An example is the 
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electrostatic detector, in which the electrostatic repulsion 
between adjacent segments moves a pivoted vane, to which 
is attached an indicating needle traveling in front of a scale. 
There is also the "transformer-and-lamp" detector, in which 
a small transformer is used with an incandescent lamp in the 
secondary circuit. One of the primary wires is connected with 
the ground, and by means of switches suitably arranged the 
other primary may be connected to any wire of the system. 
A ground is indicated by the burning of the lamp. The indi- 
cations of this instrument may be misleading, except to those 
thoroughly acquainted with its operation imder all conditions. 

The general directions which should be followed in install- 
ing lamp ground detectors are: A keyless lamp receptacle 
should be used. Switches should be omitted from the detector 
circuit. The detector lamp circuit should be protected with 
fuses. The ground lamps should be within an inch or so of 
each other so that differences in their briUiancies can be readily 
visible. See the author's American Electricians' Handbook 
for further information. 

Ground-detector ground wires should not be connected to 
gas pipes for the reason that there is always a possibiUty of a 
ground connection carrying a heavy current which might 
ignite the gas and cause a fire. 

Continuously-indicating detectors are in some localities 
required for all circuits. For example, the Factory Mutual 
Rules specify that ground detectors of the continuously- 
indicating type will be required on all ungrounded systems 
for voltages below 250. For voltages greater than 250 con- 
tinuously-indicating detectors which do not permanently 
ground the system (electrostatic ground detectors for example) 
are recommended and in some cases may be required. Elec- 
trostatic ground detectors can be obtained for operation on 
circuits of practically any commercial voltage. Obviously, 
lamp ground detectors are not appUcable to circuits operating 
at voltages exceeding, say, 500. Voltmeter (non-continuously 
indicating) ground detectors are in many cases used for cir- 
cuits operating at voltages above 500, but the electrostatic 
detector is obviously the safer and more desirable. 
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76. H/. TESTING OF INSULATION RESISTANCE. Where con- 
tinuously indicating detectors are not feasible, the circuits should be 
tested at least once per day, and preferably oftener. 

The insulation resistance of a wiring system or a piece of 
electrical apparatus is the resistance between the conducting 
portion of the system or apparatus and the earth. Inasmuch 
as the metallic frames of electrical machines and devices are 
usually, after the apparatus is installed, in electrical contact 
with the earth, the insulation resistance of such a device is 
ordinarily taken as the resistance between the conducting 
portion of the device and the metaUic frame. 

Although the conductors in a wiring system are supported 
on so-called insulators and the windings. of electrical machines 
are "insulated'' from the metaUic frames thereof, it should be 
remembered that there is no such thing as a perfect insulator, 
and that all substances are electrical conductors to some extent. 
Substances that are called insulators are such poor electrical 
conductors that practically no current flows through them. 
Although the resistance of the so-called insulators is extremely 
high, it can be measured quite readily as can the insulation re- 
sistance of a wiring system, or of a piece of apparatus. If the 
insulation resistance of a wiring system to ground is very low, 
the system is said to be "grounded." If the resistance of the in- 
sulation of an electrical machine between conducting portions of 
the windings and the metaUic frame is low, the winding is said 
to be grounded. Hence the term ''low insulation resistance'' 
impUes a heavy ground on the system or apparatus in question. 

The Instruments for Measuring Insulation Resistance are 
Many. — Certain special types such as the Ohmmeter and the 
Megger, similar to those described in the American Elec- 
tricians' Handbook but which cannot be described here, 
are frequently used. The Wheatstone bridge is often applied 
in this work, as described in the American Electricians' 
Handbook. For many cases in practical work the most con- 
venient instrument is an ordinary voltmeter which can be 
readily utiUzed as shown in Figs. 74, 75, 76 and 77. 

The theory of the voltmeter method of measuring insulation 
resistance is as follows : When the same current flows through 
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each of two conductors in series, the volta drop across each of 
the conductors will be proportional to the resistance of that 
conductor. Then, with an un- 
r,r^f/hs,f/,>^ known resistance R, (Fig. 74) 
connected in series with a volt- 
fc meter across the source of e.m.f. 
I as shown, the volts drop across 
I Ri will be proportional to ite 
*= (unknown) resistance. Fur- 
thermore, the volts drop, Vv, 
PosiHon of across the resistance of the voll^ 

„ _. Til < <- ° 7i_^ r , meter as indicated by the read- 
Fio. 74.— IlluEtratmg method of . , .. ,. . .. ,, .„ 

measuring insulation resistance, ing Of the voltmeter itself Will 
be proportional to the resist- 
anee of the voltmeter. It follows then that a proportion can 
be written, thus: 



Fig. 75. — Testing the insulation reaiatance of a motor o 
its winding to ground. 



(1) 



r. ■ 



Then, solving for 72,, the un- 
known resistance, the follow- 
ing formula results: 
B.XK. 
■ F. 



(2) R, - 



(ohms) 




Wherein, r„ = the volts drop ^°''" '*'''"- 

across the voltmeter as indi- F'"- 76— Testing the msulation re- 

^ J , ,, . , ^ .^ aiatance of ati armature. 

cated by the mstrument it- 
self. Vj = the drop in volts across the unknown resistance. 
B, = the resistance lof the voltmeter in ohms. R^ = the re- 
sistance of the unknown resistance in ohms. 
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In equation (2) Rg is unknown, it being the value sought. 
The resistance Rv of the voltmeter Vv can be read from the 
instrument and is therefore known. Now Vx can be ascer- 
tained by subtracting from the e.m.f., E (impressed across 
the voltmeter and the unknown resistance in series), the vol- 
tage drop across the voltmeter (see Fig. 74). Obviously, the 
difference between E and the voltage drop across Vv must be 
the voltage drop across Rx- Then it may be stated that 

(3) Vx = E -V, (volts) 



Source of E.M.F. 















Connect/oh 



Leakage 
Currenfs 






Electric Wiring 
6j/stem 










£££2 



'Y 



Fig. 77. — Testing the insulation resistance of a wiring system. 

Then substituting this value of (3) for the F, in (2) the result- 
ing formula is 
(4) ^^^ ie,X(g- F^ („i^^,) 

Wherein (Fig. 74), F^, Rv and Rx have the same meanings 
indicated above, and E = the e.m.f., or voltage, impressed 
across the voltmeter and unknown resistance connected in 
series across a source of e.m.f. as shown. The above is the 
working formula used in measuring high resistance with 
a voltmeter. Its application is illustrated below. 

The procedure in measuring a high resistance with a volt- 
meter is: Firs<, measure the voltage or e.m.f., E^ Fig. 74, 
available for the test. The source of this e.m.f. may be any 
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that wiU remain reasonably constant while the test is being 
made and that will give a practically full-scale deflection of 
the voltmeter used. A direct-current generator, a storage 
battery or, in certain cases, a primary battery, can be used. 
Second, a voltmeter (it may be the same one that was used 
for measuring E) the resistance of which is known, is connected, 
as shown in Fig. 74, in series with the unknown resistance, 
across the e.m.f ., JB, and the reading, Vv, which the instrument 
then gives is noted. Knowing the values of .JB, the impressed 
e.m.f., Vv, the voltage drop across the voltmeter, and i2», 
the resistance of the voltmeter, these values may be substi- 
tuted in formula (4) and the unknown resistance computed. 
It is not necessary to use the same voltmeter for taking the 
reading E and the reading Vv although it is desirable to do so. 
A high-reading instrument can be used for ascertaining the 
voltage of the e.m.f. source and a millivoltmeter for the deter- 
mination of the Vv value. Where the insulation resistance is 
very high the deflection with the voltmeter at Vv may be so 
small that it cannot be detected. 

Example. — With the apparatus connected as shown in Fig. 
74, using a direct-current lighting circuit as a source of e.m.f., 
the readings were as follows: The voltmeter when connected 
as at E to measure the impressed e.m.f. read 105 volts. When 
connected as at Vv in series with the unknown resistance it 
reads 3.2. The resistance of the voltmeter as ascertained from 
its manufacturer was 20,000 ohms. What was the resistance 
in ohms of the imknown resistance? 

Solution. — Substitute in formula (4) : 



R 



^ RvXjE - Vv) ^ 20,000 X (105 - 3.2) ^ 



3.2 



20,000 X 101.8 aaaonn v. 
— ^-^ = 636,250 ohms. 



Armature insulation resistance may be measured with a 
voltmeter as suggested in Fig. 76. In taking these readings 
the voltmeter is first connected across the source of e.m.f. 
and is then connected in series as shown. One of the leads to 
the armature. A, is connected to the shaft, while the other, 
B, is connected to one or all of the commutator bars of the 
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armature. That is, the voltmeter Vv is connected in series 
across the source of e.m.f. in a circuit comprising (1) the volt- 
meter itself, (2) the conductors of the armature, (3) the insula- 
tion of the armature from its shaft and (4) the shaft of the 
armature. The insulation resistance of the armature and that 
of the voltmeter are so great as compared with the resistances 
of the other components of this circuit, that the resistances of 
these other components may be disregarded. 

Example. — In measuring the insulation resistance of an 
armature as shown in Fig. 76, a voltmeter having a resistance 
of 10,000 ohms was used. The voltage of the source of e.m.f., 
JB, was 108. With the voltmeter connected in series, it read 
0.8 volt. What was the insulation resistance of the arma- 
ture? 

Solution. — Substitute in formula (4) : 

_ R^XjE - 7,) __ 10,000 X (108 - 0.8) _ 
^•"" 7. " 0.8 

10,000 X 107.2 1 OAA AAA k 

— - — ^ = 1,340,000 ohms. 

The method of measuring the insulation resistance of the 
stator windings of an electrical machine with a voltmeter is 
illustrated in Fig. 75. The procedure is much the same as 
that described in connection with Fig. 76 illustrating the meas- 
urement of the insulation resistance of an armature. One 
lead from the source e.m.f. connects to the conducting portion 
of the stator windings of the machine while the other lead from 
the source is connected, but through the voltmeter, to the frame 
of the machine, thus placing the voltmeter, Vvj in series with 
the insulation resistance across the source of e.m.f. 

The measurement of the insulation resistance of a wiring 
system can be made as shown in Fig. 77. The voltmeter is 
first connected across the terminals of the source of e.m.f. 
(in the case shown a generator is used) and the reading E is 
obtained. Then one terminal of the source of e.m.f. is 
grounded and the other is connected through the voltmeter to 
the electric wiring system. The almost infinitesimal leak- 
age currents impelled by the source of e.m.f. would flow 
through the wiring system to ground through the source of 
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e.m.f. and through the voltmeter, F», somewhat as indicated 
diagrammatically in Fig. 77. As noted in Bvle 88 the insula- 
tion resistance of wiring systems must be very high. No 
difficulty whatever is encountered in satisfying the require- 
ments of this Ride 88 if the Code instructions relating to con- 
struction are followed. 

Example. — ^A voltmeter having a resistance of 2,200 ohms 
is used to measure the insulation resistance of a wiring system 
as shown in Fig. 77. The source of e.m.f., E, impresses a 
voltage, as shown by the reading of the instrument, of 115 
volts. When connected in series with the wiring system and 
ground, the voltmeter Vv read 0.5 volt. What was the resist- 
ance of the system? 

Solution. — Substitute in formula (4) : 

_ jg. X ( Jg - V.) _ 2,200 X (115 - 0.5) _ 

^•" F. " 0.5 

2, 200 X 114.5 .^^Q^^ . 
— 7r-= = 503,800 ohms. 

0.0 

8. MOTORS. 

8a. %I. MOTORS. Must, when operating at a potential in excess of 
550 volts, have no exposed live metal parts, and have their base frames 
permanently and effectively. grounded. 

The frames of aU motors should be grounded (this applies 
particularly to high-voltage motors) that is, connected to the 
earth by low-resistance substantial conductors, to minimize 
fire and life hazard. Motor frames should be grounded for 
the same reasons that dictate the grounding of generator 
frames as discussed under Rule Ic. If the motor operates at 
a pressure below 550 volts it is desirable though not impera- 
tive that its frame be grounded. 

One method of grounding a motor which is installed inverted 
at the ceiling of an industrial plant is shown in Fig. 78, which 
shows a ground connection between the motor frame and a 
sprinkler pipe. In factory buildings sprinkler pipes ,are usu- 
ally available and provide excellent opportunities for secur- 
ing good grounds. The ground wire of Fig. 78 is connected 
to the sprinkler pipe with an approved ground clamp and to 
the motor-base frame by clamping it between two Washers 
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under the head of a bolt as shown in Fig. 8. It should be 
noted, however, that in a building where an automatic, 
electrically-operated, sprinkler-alarm system is in use, the 
grounding of motors or other devices on the sprinkler pipes 
is not usually permitted by the local inspection bureaus. 

Sprinkler Pipe Sizes Should be Considered When Ground- 
ing Motors on Them. — The frame of a very large motor should 
not be grounded on a very small sprinkler pipe. It is probably 
permissible to ground a 10- or 15-h,p. motor to a ^-in. branch 
pipe of a sprinkler system, but a 50-h.p. motor should be 
grounded to one of at least 
2-in. nominal diameter. 
The pipe selected should 
in every case be of such 
size that there would be no 
possibility of its overheat- 
ing when carrying the cur- 
rent which the fuses pro- 
tecting the motor will 
safely pass. Obviously if 
the current through the 
motor-frame and ground 
wire and sprinkler system 
becomes greater than that 
which the motor fuses will pass, the fuses will melt and open 
the circuit. 

Methods of effecting earth connections for motor-frame 
grounding are similar to those which are described under 
Bute Ic, used for grounding generator frames. Various 
methods of making earth connections are described in detail 
under Bvie 15g. 

8a. VI- MOTORS. Must, when operating at a potential of 560 
volts or less, have their base frames permanently and effectively grounded 
wherever feasible. Where grounding of the frame ia impracticable, 
flpecia! permission for its omisBion may be given in writing, in which case 
the frame must be permanently and effectively insulated. Wooden base 
frames uaed for this purpose and wooden floors which are depended upon 
for isEiulation where for any reason it is necessary to omit the base frames 
must be kept filled to prevent absorption of moisture and must be kept 
clean and diy. 
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Where frame grounding is impracticable, and the motor 
operates at a pressure lower than 550 volts, the frame should 
be thoroughly insulated from the earth. In this respect the 
practice is the same with generators (Rule Ic, %II) as with 
motors. The motor frame should be either efifectively con- 
nected to the earth or thoroughly insulated from it. Motor 
frames may, where necessary, be insulated from the earth by 
the same methods as those discussed under Ride Ic, 1f/J, 
which are used for insulating generator frames. 

86. IT/. MOTORS. Motors operating at a potential of 550 volts or 
less must be wired with the same precautions as required by rules in 
Class "C" for wires carrying a current of the same volume. 

The wiring for motors should, in general, be installed in 
accordance with the same general rules that apply to all inside 
wiring (that is. Class C wiring) for electric Ughting or other 
purposes. 

86. f/7. MOTORS. Motors operating at a potential between 550 
and 3,500 volts must, except in central or sub-stations, be wired with 
approved multiple-conductor, metal-sheathed cable in approved metal 
conduit. All apparatus and wiring connected to the high-tension circuit 
must be completely enclosed in substantial grounded metal shields or 
casings and the conduit must enter and be properly secured to such cas- 
ings or to suitable terminal boxes screwed or bolted to the casings. 

The wiring for 550-3, 500- volt motors should be done with 
multiple-conductor (that is, duplex or triplex) lead-sheathed 



Lead-Covered 
{Cable 



Lead<orered 
Cable \ 



Insulated High - 
Tension Conductors 




•ffrought Iron 
Conduit (Orounded) 



Conduit 
Bush/ng 



Pot Head- 



Fig. 79. — Method of bushing the end of a conduit run carrying a 550 to 

3,500-volt lead-covered cable. 

cable, carried in metallic conduit. When this conduit is 
grounded, the possibility of the high voltage imposed on the 
conductors creating a fire or increasing life hazard is much 
decreased for essentially the same reasons that grounding 
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generator and motor frames and transformer secondaries de- 
creases fire and life hazard. Grounded metal sheaths should 
be used for encasing all high-tension apparatus for the same 
reasons. Approved bushings (Fig. 79) are used at the ends 
of such conduits because it obviously would be impracticable 
to carry the lead cable through the approved outlet fittings of 
the types which are required at all conduit terminations in 
ordinary low-voltage conduit wiring. 

A high-tension cable-conduit-outlet is shown in Fig. 79, 
which indicates the preferable method of terminating a con- 
duit run which carries a high-tension lead-covered cable. To 
satisfy Code requirements, it is merely necessary to screw a 
standard conduit bushing on the end of the conduit so that 
the lead sheath of the cable will be protected from abrasion. 
However, it is probable that where the portion, A (Fig. 79), 
of the sheath of the lead-covered cable is not protected by the 
iron conduit and is subject to mechanical injury, a metal 
sleeve eirtending from the conduit bushing to the cable pot- 
head should be installed. Such a sleeve, which might be 
made of cast or sheet iron, brass or copper, can be made in 
two pieces and secured in place with a band. 

86. If/7/. MOTORS. The insulation of the several conductors for 
high potential motors, where leaving the metal sheath of cables, must be 
thoroughly protected from moisture and mechanical injury. This may 
be accomplished by means of a pot head or some equivalent method. 
The conduit must be substantially bonded to the metal casings of all 
fittings and apparatus connected to the inside high tension circuit. 

Potheads should be provided at the ends of high-tension 
motor cables to prevent injury to and to separate the con- 
ductors. There is always danger of moisture entering the 
cable or of the insulation of the conductor becoming cracked 
at the point where it leaves the cable unless a pothead (Figs. 
37 and 79) is provided. All conduits and metal protective 
casings of the high-tension installation should be electrically 
interconnected — connected together — so that there can be no 
difference of potential between the parts and so that all pro- 
tective metal parts will be connected to groimd. All conduit 
should always {Rule 28/, ^/,) be grounded. 
6 81 
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86. VV. MOTORS. Where outside conductors directly enter the 
motor room special permission in writing must be obtained to install the 
wires for high potential motors according to the general rules for high 
potential systems. 

85. %V. MOTORS. Conductors carrying the current of only one 
motor must be designed to carry a current at least 25 per cent, greater 
than that for which the motor is rated. Where the conductors under 
this rule would be overfused in order to provide for the starting current, 
as in the case of many of the alternating current motors, the conductors 
must be of such size as to be properly protected by these larger fuses. 

The vnres constituting the branch circuit serving one direct- 
current motor must be at least large enough that they will 
carry (in accordance with Rule 18) 1.25 times the full-load 
current of the motor. For example, Fig. 80 shows a set of 
branch conductors AB carrying the current to one direct- 
current motor. Assume that the current taken by this motor 
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FiQ. 80. — Protection for tap serving one direct-current motor. 



at full load as indicated by the name plate on its frame, or by 
computation, is 20 amp. Then the wires composing the tap 
AB must be capable of carrying at least 20 X 1.25 = 25 amp. 
Then (referring to Table A of UvUe 18) a wire at least as large 
as No. 10 would have to be used if rubber-insulated con- 
ductor is to be utilized, or it would have to be as large as No. 
12 if other insulation than rubber (ftvUe 18, Toble J5), such as 
weatherproof or slow-burning, is to be used. If the branch 
AB were quite long, it might be necessary to use wires con- 
siderably larger than those just specified, in order to main- 
tain the voltage drop within reasonable limits, but No. 10 
or No. 12, respectively, would be safe from a current-carrying 
standpoint and are the smallest wires that should be used. 
The conductors must always be of such size that the fuses 
(B) through which the current feeds to them will protect them 
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in accordance with the requirementa of Rule 18, and in no 
case should the main fuses at D (Fig. 81) be smaller than the 
fuses protecting the branch circuit to the motor- 
Where a number of direct-current motors tap from a main 
fas at Fig. 81 where the main is represented by CD) the wires 
composing each branch carrying the current of only one motor, 
as E, F and G, muat be large enough to carry (in accordance 
with Bide 18) a current 25 per cent, greater than the full-load 
current of the motor. The wires used for mains CD may be 
of any reasonable size, provided the fuses at D which protect 
them are of such capacity that the wires CD cannot carry a 
greater current than is allowable under Rule 18. 



Fig. 81. — Arrangement of protection for a main serving & group of 
direct-current motors. {Starting boxes and a witches omitted for 
simplicity.) 

The usual method of determining a wire size for a direct- 
current motor main like that of CD, which supplies several 
motors, is to add together the full-load currents of all of the 
motors and then assume that the current in the main CD will 
never exceed from possibly 60 per cent, to 75 per cent, of this 
total. 

Example. — If the full-load currents of the motors of Fig. 81 
were, respectively, 20, 40, 35 and 25 amp. the current in the 
main CD would be, if all of the motors were operating at full 
load at the same time, 120 amp. Experience has shown that 
it is seldom that all of the motors of a group will simultaneously 
draw their full-load currents. It is therefore allowable to use 
a "demand factor." The demand factor of an installation is 
the ratio of the maximum load which the installation imposes 
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on the supply Bystem, to the total connected load of the in- 
stallation. Aeaume a demand factor of 75 per cent.; then the 
main CD should be proportioned to carry 0.75 X 120 = 90 
amp,, that is, with rubber insulated wire (see Table of Rule 18), 
No. 2 should be used, and with other insulation No. 4. The 
fuses at D should have a capacity of 90 amp. In any case, the 
conductors must be of such size that the fuses through which 
the current feeds to them will protect them in accordance 
with the requirements of Rule 18. In no event should the 
capacity of the fuses D which protect the main be smaller than 
the fuses protecting the branch circuit to any one motor. 

The minimum pennissible conductor size for a branch for 
one altemating-current motor may be determined as will he 
outlined. Practically all alternating-current motors have the 
characteristic of drawing much greater current (possibly two to 
five times greater), at the instant when they are first connected 
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to the Une than they draw after their rotors have attained full 
speed. Because of this fact special precautions should be 
taken in wiring alternating-current motors. Usually, for all 
except the smallest altemating-current motors, two seta of 
fuses, Fig. 82, are used. The starting fuses, 5, must be of 
sufficient capacity to pass the starting current taken by the 
motor. If this starting current continued to flow for any 
considerable length of time in the motor windings, it would 
"burn them out;" hence the starting fuses of themselves do 
not provide adequate protection for the motor. To protect 
the motor against excessive currents, after it has attained 
speed, running fuses, R (Fig. 82), are inserted in the circuit. 
84 
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Alternating-current motors are usually started by using a 
double-throw switch. Fig. 82 with unessential details omitted, 
shows the arrangement. The starting switch is first thrown 
to starting position 1 and current is forced through the motor, 
which starts it, only the starting fuses being in series between 
the source of e.m.f. and the motor. After the rotor has at- 
tained normal speed the current taken by it is greatly decreased 
and the starting switch is thrown to the running position, 2. 
Then both the starting fuses and the running fuses are in the 
circuit. The running fuses ordinarily have a capacity such 
that they will pass a current 25 per cent, greater than the full- 
load current of the motor. AU motors will carry a 25 per cent, 
overload for a considerable period. The starting fuses on 
the other hand frequently have capacities such that they will 
pass 200 per cent, or more of the full-load current of the 
motor. 

In selecting the wire size for a branch circuit for one alter- 
nating-current motor, the starting current taken by the motor 
under the specific conditions of operation to which it will be 
subjected should be ascertained from the manufacturer, or by 
test. The starting fuses S must be selected of such capacity 
that they will pass this starting current. Then the branch- 
circuit wires, JIf , N, 0, must be selected of such size that they 
will be protected (in accordance with the requirements of 
Rule 18), by the starting fuses S. 

Note that {Rule 8c, %V) rubber-covered conductor branch 
circuits to alternating-current motors may be protected in 
accordance with the safe current values of Table B — ^insulations 
other than rubber — ^unless time-limit circuit-breakers consti- 
tute the overload protection. It should be particularly recog- 
nized that this concession in current-carrying capacity allowed 
under Rule 8c, %V, applies only in the case of a branch circuit 
feeding one cdiernating-current motor requiring large starting 
current. Study the following example. 

Example. — Consider a motor that has a full-load running 
current of 20 amp., and a starting current of 40 amp. At S 
(Fig. 82) 40-amp. fuses would be used. With "rubber insula- 
tion" or with ''other insulations" No. 8 wire {Rule 18, 
Table B) would be used for branch, M, N, 0, The running 
fuses should be capable of passing a current about 25 per cent. 
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in excess of the full-load running current of the motor or: 
20 amp. X 1.25 = 25 amp. Hence, the running fuses, R, 
should be 25-amp. fuses. Note that starting compensators, 
or auto-transformers (not shown in the illustration), are ex- 
tensively used for alternating-current motor starting equip- 
ments to minimize the starting current. The inclusion of such 
equipment in the circuit would not alter the principles outlined. 

The determination of the smallest wire permissible for an 
alternating-current main serving several motors is made by 
practically the same method as that used in determining the 
permissible wire size for a direct-current motor main as de- 
scribed above except that a greater demand factor should be 
used. The maximum current that will normally flow in an 
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Fig. 83. — Overload protection for a main serving a group of motors and 

for the motors. 

alternating-current motor main as AfiV, Fig. 83, will probably 
in the average case be equal to from 45 per cent, to 85 per cent, 
of the sum of the full-load currents of all of the motors, that 
is, the demand factor will range somewhere between 0.45 and 
0.85. Where specific information is not available, a demand 
factor of 0.80 may be used. Hence fuses, F3, should be se- 
lected of such capacity that they will pass the maximum hne 
current thus determined, and the wires constituting the main 
MiJ must be of such size that these fuses will protect them in 
accordance with the requirements of Rule 18. However, if 
it is found that the current in Mti is greater than was antici- 
pated and it is necessary to increase the sizes of the fuses F3 
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to enable them to pass the normal running current in the main 
new and large conductors for MN must be selected of such 
size that the new fuses will protect them. In no case should 
the fuses at F be smaller than the starting fuses protecting 
any one of the motors. The conductor and fuse sizes for the 
branch circuit to each motor may be determined by the method 
described in the preceding paragraph. 

86. ^VL MOTORS. The current used in determining the size of the 
conductor carrying the current of only one varying (or variable) speed 
motor must be the percentage of the 30-minute current rating of the motor 
as given for the several classifications of service in the following table: 



Classification of service 



Percentage of 
current rating 
. of motOT 



Operating valves, raising or lowering rolls 

Rolling tables 

Hoists, rolls, ore and coal handling machines 

Freight and passenger elevators, shop cranes, tool heads, 
pumps, etc 



200 
180 
150 

120 



In determining vme sizes for taps or branches for varying- 
speed motors the fact that the current taken by the motors is 
subject to extremes of variation must be considered. It is 
seldom, in practice, that the current of a varying-speed motor 
is constant. The nature of the loads and the characteristics 
of the motors are such that the power output of the motor 
and the current input may be zero at one instant and a maxi- 
mimi a short interval later. Hence it is undesirable to rate 
these motors on the basis of the horse-power output they will 
deliver continuously. Instead, they are usually rated on the 
basis of their output for 30 min. Obviously a motor will have 
a greater power output on the basis of its 30-min. rating than 
it will on the basis of a continuous rating because the power 
that any electrical machine can deliver is determined to a con- 
siderable extent by the heating of the machine. The tempera- 
ture at no part of the machine should ever exceed a certain 
maximum, usually lOO^'C, or 212*^. It is apparent that 
the machine can carry a greater load for 30 min. without its 
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temperature exceeding 100°C. than it can carry continuously 
without its temperature exceeding lOO^C. It is for these rea- 
sons that constants must be used in determining the wire size 
for varjdng-speed motor leads. 

Example. — Consider the case of Fig. 84, where the rolling- 
mill motor, on the basis of a 30-min. rating, takes, 100 amp. 
Then leads LD would have to be of such size that they would 
safely carry at least 100 amp. X 1.50 = 150 amp., where 
"1.50" (150 per cent.) is the constant as taken from Table 86 
HF/. 
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Fig. 84. — Overload protection for conductors serving one alternating- 
current motor driving a roll. 

86. ^FJ. Note. — MOTORS. Varying speed motors are motors in which the speed 
varies automatically with the load, decreasing when the load increases, and ^-ice versa. 
It does not mean motors in which the speed is varied by the use of different windings 
or grouping of windings, or motors in which the speed is varied by external means, and 
in which, after adjusting to a certain speed, the speed remains practically constant. 

8c. f/. MOTORS. Each motor with its starting device must be pro- 
tected by a cut-out and controlled by a switch (see No. 19 a), said switch 
plainly indicating whether "on" or "off" (except as provided for electric 
cranes, see No. 43 c). Small motors may be grouped under the protection 
of a single set of fuses, provided the rated capacity of the fuses does not 
exceed 10 amperes and the total wattage of the circuit does not exceed 
660. With motors of one-fourth horse power or less, on circuits where 
the voltage does not exceed 300, single pole switches may be used as 
allowed in No. 24 c. The switch and rheostat must be located within 
sight of the motor, except in cases where special permission to locate them 
elsewhere is given, in writing. 

The protective and starting devices in the branch circuit 
to a motor are shown in Fig. 85. In the illustration a circuit- 
breaker is shown in Ueu of fuses, circuit-breakers being accept- 
able under certain restrictions as indicated below. They 
are preferable to fuses in certain cases. 
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Switches Indicating whetiier they are on or off are pro- 
curable in several types. A knife switch which is exposed to 
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Fia. 85. — Circuit breaker 
providing overload prot«c- 
tioa and constituting cir- 
cuit-opening device in motor 
imrtalmtion. 



view obviously indicates whether the circuit it controls is 
closed or open and indicating snap or fiush switches, Figs. 
86 and 87 give the same information. 




SHUoh is -_. 

oinuit. Conncflted 
»iDsl«-po1e BwitcheB. 

A group of small motors may be protected by a single set 
of fuses, where the total load does not exceed that (660 watts) 
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ordinarily allowed on an incandeBcent lighting circuit. Fig. 88 
shows a group of small motors so protected, the entire group 



Fig. 88. — Group of Binall motors protectedlwith a single set of fuses. 

being fed through one set of fuses. Note that a small motor, 
where its output does not exceed 14 ^-P- and where the vol- 
tage does not exceed 300, may be controlled either by a 




Fia. 89. — Open-wiring aUemating-rarrent motor installation. 



double-pole switch as shown at A and B or by a sin^e-pole 
switch as shown at C and D. 
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The switch and rheostat should be located within sight of the 
motor so that the operator in starting or stopping the motor 
will observe the motor's performance when he operates the 
switch or starting device. Furthermore, they should be lo- 
cated so that if any difficulty with the motor occurs it can be 



Fig. 90. — Motor wiring installed in conduit. 

readily stopped. Fig. 89 shows an open-wiring installation for 
an alternating-current motor arranged in accordance with this 
requirement, while Fig. 90 shows a similar installation for a 
direct-current motor where the wiring is in conduit. 

8c. H//. MOTORS. Where the circuit-breaking device on the motor- 
starting device disconnects all wires of the circuit, the switch called for in 
this Beotion may be omitted. 
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Circuit-breakmg devices disconnecting all wires of the 
motor circuit are frequently incorporated in control equipments. 
These devices perform all of the functions of a switch and 
hence may be used in lieu thereof. A main switch which 
disconnects all wires should be used for all elevator-motor 
control installations. A main switch is not usually required 
where an oil-switch starter is used for the control of an 
alternating-current motor. 

8c. If///. MOTORS. Overload-release devices on motor-starting de- 
vices will not be considered to take the place of the cut-out required by 
this section. 

Overload release devices on starting rheostats (see Fig. 56) 
do not provide adequate overload protection because they are 
frequently of frail construction and in any case do not provide 
protection to the portion of the motor branch circuit between 
the starting device and the main. 

8c. 1[/F. MOTORS. An automatic circuit-breaker disconnecting all 
wires of the circuit may serve as both switch and cut-out. 

Automatic circuit-breakers perform the functions of both 
fuses and switch where the breaker (Figs. 185 and 186) dis- 
connects all of the wires in a circuit, as in Fig. 85. This means 
that if a circuit-breaker is to be substituted for the fv^es and a 
switch in a two-wire motor circuit that a two-pole breaker 
must be used, or on a three-wire three-phase circuit a three- 
pole breaker should be installed. 

8c. 1[F. MOTORS. Where a rubber-covered conductor carries the 
current of only one A. C. motor of a type requiring large starting current 
it may be protected by a fuse or an automatic circuit breaker without 
time limit device, rated in accordance with Table B of No. 18. The 
rated continuous current capacity of a time limit circuit breaker protect- 
ing a motor of the above type need not be greater than 125 % of the 
motor current rating, providing the time limit device is capable of 
preventing the breaker opening during the starting period. 

Rubber-covered conductors serving alternating-current 
motors may be rated as to current-carrying capacity in accord- 
ance with the currents allowable for insulations other than 
rubber (Rule 18, Table B). The reason for this is that the 
starting current for such motors is much greater than the run- 
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ning current. But inasmuch as^ under normal conditions^ the 
starting current flows for only a short period there is no danger 
of overheating the conductor and thus damaging its insula- 
tion, even if a Uberal current-carrying capacity rating is 
allowed. 

Example. — Assume (Fig. 82) that the branch circuit to the 
motor is to be of rubber-insulated wire and that the starting 
current taken by the motor is 100 amp. Ordinarily {Rule 18) 
No. 1 rubber-covered wire should be used to carry 100 amp. 
but in the case of the branch to one aUernating-current motor, 
No. 3 rubber-covered wire could be used because No. 3 wire 
with insulations other than rubber will (Rule 18, Table B) 
safely carry 100 amp. Another example illustrating this con- 
dition is given imder Ride 86, %V. 

Time-limit devices are arrangements whereby a circuit- 
breaker is prevented from opening on a sudden overload, but 
which permit the breaker to 
open if the overload is con- 
tinued. Fig. 91 illustrates the 
principle of one type. With 
the breaker closed, the cur- 
rent enters at A, passes through 
the solenoid B and continues 
via course CDFGH. When 
current flows the solenoid B 
is energized. When a current 
smaller than that for which 
the breaker is set at S, flows 
through the breaker, the at- 
traction of the solenoid is not 
sufficient to lift disk R and iron 
plunger, or core, P and draw 
it up into the solenoid. How- 
ever, if the current becomes greater than that for which the 
breaker is set, the magnetic attraction then overcomes these 
restraining effects and the tendency is to pull the plunger 
up into the solendid until it strikes the trigger T which will 
release arm D. Then the spring Q will force the arm out 
to the position shown in dotted lines, opening the drcuit. 
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Fig. 91. — Diagrammatic drawing 
of a time-limit circuit breaker. 
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However, with the time-Uniit circuit-breaker the plunger is 
prevented from rising immediately because of the restrain- 
ing action of the time-limit device {U and R) due to the 
cohesion of the smooth bottom of the disk R to the bottom 
of the cup U, which contains oil. But, if the overload en- 
dures the continued pull exerted by the aolenoid on the 
plunger will overcome the cohesion between the disk and the 
bottom of the cup and it will then permit the plunger to rise 
and the circuit-breaker will be opened. Note then, that al- 
though the breaker of the 
type diagrammed in Fig. 91 
will open under an overload 
that lasts for several seconds 
it will not open under a mo- 
mentary overload. 

Figure 92 illustrates the 
principle of a time-limit cir- 
cuit-breaker of another type. 
With this device, the main 
current or a certain definite 
portion thereof circulates 
around the solenoid S. If 
this current becomes greater 
than that for which the in- 
strument is set, the plunger P of the solenoid tends to rise. 
It is, however, restrained from rising abruptly by the bel- 
lows which must force the air it contains out of its air 
chamber through the small orifice before the plunger can be 
raised any great distance. However, if the pull on the plunger 
due to the solenoid S is continued, the air will be forced out of 
the bellows, the plunger will rise, and the contactor CC will 
close the auxihary circuit permitting current to circtilate 
around the solenoid B. Then the plunger D will be attracted 
and the breaker will be tripped, opening the main circuit at jaws 
J and G. Figs. 91 and 92 are merely diagrams to illustrate 
the principles involved in the operation of these devices and 
are not intended to show their actual construction or 
proportions. 

04 



Class a 



SWITCHBOARDS, ETC. 



Rule Sd 



8e. ^F. NoTB. — MOTORS. In the great majority of cases where A. C. motors of 
the above tsrpo are started by means of autostarters the current-oarrymg capacity of 
wires meeting the rule will not exceed the following percentages of the full load currents 
of the motors. 



Rated full load current 


Percentage 


0- 30 amperes 
31-100 
Above 100 


250 

200 
150 



8(2. If/. MOTORS. Rheostats must be so installed as to comply 
with aU the requirements of No. 4. Auto starters must comply with 
requirements of No. 4 c. 

Starting panels for direct-current motors are shown in Fig. 
93. On these panels is mounted all of the equipment required 
for protection and starting of the direct-current motors. 
Panels such as these provide neat installations because they 
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FiQ. 93. — Self-contained starting panel for direct-current motors. 

eliminate the necessity of wiring between protective devices, 
switches and rheostats. They are very simply installed, inas- 
much as where they are used it is only necessary to carry two 
conductors to the Une side of the starting panel and to fun three 
conductors from the motor side of the starting panel to the 
motor. 

Sd. \ll. MOTORS. Auto starters, unless equipped with tight cas- 
ings enclosing all current-carrying parts, in all wet, dusty or linty places, 
must be enclosed in approved cut-out boxes or cabinets. Where there 
is any liability of short circuits across their exposed live parts being caused 
by accidental contacts, a railing must be erected around them. 
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Most auto starters are now provided with casii^ which 
enclose all current-carrying parts. In some makes of auto 
starters the cut-out arranged to receive the fuses has bare 
current-carrying parts, and in such instances this cut-out can 
be enclosed in a metal cabinet. 

Railings should be provided around motors where there is 
any posi^bili^ of accidental contact with either the bare cur- 




Pia 94. — Protective railing ar- Fio. 94a. — An excellent ex- 
ranged around a motor and ita start- ample ot a conduit-wired motor 
ing device. inBtallation. (General Electric 

Company motor and starting 

panel.) 

rent-carrying parts of the motor or its starting device. A 
typical installation thus provided with a railing is shown in 
Fig. 94. 

A conduit-wiring motor installation wherein a startii^ panel 
is used is shown in Fig. 94a. The installation illustrated is 
probably as compact and as neat a one as it is possible to make. 
Note that the motor is provided with a conduit-wiring ter- 
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minal box and that a atarting panel requiring a tmnimum of 
wiring for its installation ia employed. Flexible conduit is 
used between the vertical conduit run and the motor, permit- 
ting the ready removal and replacement of the motor. 

S«. \J. M0T0K3. Muat not be run in aeriea-multiple or multiple- 
Beries, except on oonstant-potentiat systems, and then only by special 

^. ^I. MOTORS. Must, if deemed necessary, be enclosed in an 
approved case. 



Fig, 95. — Non-combuatible motor compartment. 

8/. I//. MOTORS, Such enclosures must be readily accessible, dust 
proof and sufficiently ventilated to prevent an e:(cessive rise of tempera- 
ture. Where practicable the sides should be made lai^ely of glass, so 
that the motor may be always plainly viwble. 

Motors located in wet, dus^ or dirty places should ordi- 
narily be enclosed either in a ventilated enclosure or in a room, 
Fig. 95, prepared for their reception. The room should be 
big enough so that the attendant cEtn work around the appar£^ 
tua without difficulty and it should be provided with windows 
and artificial light. Where the motor platform ia suspended 
from a ceiling, a room can be arranged around it by provid- 
ing glass partitions from the floor of the platform to the ceiling. 
It ia seldom necessary to enclose alternating-current motora 
of the types in which brushes are not used. 
7 97 
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Sif. \III. MOTORS. The use of enclosed type motor u recommended 
in dusty places, being preferable to wooden boxii^. 

An enclosing case for motors located in dusty or linty places 
may be made as shown in Fig. d6. Such a case, as hereinbe- 
fore indicated, is not ordj- 
■ "-' ' *- narily necessary for alternat- 

ing-current motors or for en- 
closed direct-current motors 
but should be provided for 
'ninq opcu dLrect-currcnt motors 
unless the motors are pro- 
for an tected from the lint and dirt 
a dirty by gomg other means. Such a 
case can be made from J^-in. 
tongued and grooved timber and should be lined with asbes- 
tos or preferably with sheet metal. In addition to having 



Fia. 96.^EncloBing case 
open direct-current motor ii 
place. 



I. Some Motor Closed. 



Fig. 97. — Open motor and same motor provided with enclosing covets. 

the covers so that they will open as shown in the figure, it 
is very convenient to arrange the sides on hinges so that they 
can be let down to provide for the maintenance and inspec- 
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tion of the motor. Gauze-covered ventilating openings must 
be provided as shown, otherwise the motor is liable to over- 
heat. 

Enclosed motors have the advant^e that all dust and dirt 
is excluded, but they have the disadvantage that enclosing 
a motor or any electrical machine, as shown in Fig. 97, //, 
BO decrea^s the ventilation that the capacity of the motor is 
materially reduced. For example, if a motor has a capacity 
of 15 h.p, when open as shown in Fig. 97, I, the same motor 
enclosed, as shown at II, may have a capacity of only 7 h.p. 
Where it is desired to protect the working parts of the motor 
from mechanical injury rather than from finely divided par- 
ticles, perforated covers IV can be used instead of the solid 
enclosing covers, III, without materially decreasing the out- 
put of the motor. As noted above it is seldom, if ever, neces- 
sary to enclose alternating-current motors of the types that 
do not have brushes. 

f^. %1V. MOTORS. Where deemed necessary, motors permanently 
located on wood«i fioora must be provided with suitable drip pans. 

Oil drip pans may, where necessary, be provided as shown in 
Fig. 98 to catch any oil that may drop from the bearings. 
Such oil, if allowed to fall on 
and soak into a wood fioor or 
other combustible material, 
would greatly increase the fire , 
hazard. It ia seldom that it is 
necessary to provide modem 
motors with drip pans, inas- 
much as their bearings are so 

designed that the oU does not p,^ gg-Drip pans to catch aui- 
ordinarily leak from them. plus oil from motor bearings. 

8g. \I. MOTORS. Must, when combined with ceiling fans, be himg 
from insulated hooks, or else there must be an insulator interposed be- 
tween the motor and its support. 

Ceiling fan motors should be insulated from the ceiling as 
shown in Fig. 99, so that there will be no possibility of a leakage 
current to ground, causing a fire. The frames of ceiling fan 
motors are always thoroughly insulated from the supporting 
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aurfacefl inaamucb aa it is not usually practical to ground them 
like it is ordinary motor and generator frames. 




I- Ceiling Fan Motor K-Insuloting Joint m-Impro^ised Iniukitor 
[Fia. 99. — Methods of inaulating ceiling fan motors. 

8A. \1. MOTORS. Must each be provided with a n&me-plate, giving 
the maker's name, the capacity in volts and amperes, and the nonnal 
speed in revolutions per minute. 

Motor name plates are shown 
for a direct-current motor and 
for an alternating-current motor 
in Figs. 100 and 101 respectively. 
These name plates give infor- 
mation similar to that given on 



generator name plates (see discussion under Rule le, 1[7) and 
are required for the same reasons. The authoritative data 
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that they provide tend to prevent the possibility of the over- 
loading and consequent overheatii^ of the machines. 

8h. f //. MOTORS. All varying (or variable) speed motora except 
those used for railway service must be marked with the maximum current 

which they can safely carry for 30 minutee, starting cold. 

8». ^I. MOTORS. Terminal blocks whea uaod on motors must be 
made of approved non-combuatible, non-absorptive, insulating material 
such as slate, marble or porcelain. 

Tenninal blocks on motors perform essentially the same 
function as those on generators (Fig. 31) and hence are similarly 
constructed. Where motor wiring is to be installed in conduit 



[.Direct- Current Motor tt.Allernating-Current Motor. 

FlO. 102, — Conduit wiring tern 
C 

it is always desirable to secure motors provided with terminal 
boxes, Fig. 102, arranged for conduit wiring. Where these 
boxes are used, all of the conductors are enclosed and there 
are no loose ends or "pig tails" to catch dirt and lint. 

All direct-cuirent motois should be so wired that the field 
will be excited before cuneat flows in the armature circuit 
of the motor. The armature of a direct-current motor (Fig. 
103) has a very low resistance; hence, if the normal e.m.f. of 
the circuit is impressed upon it (with the armature stationary), 
a large current will flow which will probably melt fuses, and 
might, under some conditions, cause a fire due to overheating 
of certain parts. However, if the motor armature rotates in a 
magnetic field there is induced in it a counter e.m.f. When 
the armature of a direct-current motor rotates in ita mag- 
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netic field, this counter e.m.f. is always in such a direction 
that it opposes the external e.m.f. which is appUed to the 
motor and which causes rotation and thus the current through 
the armature circuit is limited to a safe value. It is apparent, 
then, that if the armature of a motor is connected across a 
supply circuit, the field circuit of the motor not being excited, 
the supply source will be short-circuited. 

But if the field of the motor is first excited and then the arma- 
ture is connected across the supply circuit, it will at once 
commence to rotate and induce the counter e.m.f. which 
will limit the current through it. However, rheostat, R, 
Fig. 103, should always be provided, in series with the 

supply circuit and the arma- 
ture, to limit the current 
through the armature at the 
instant of starting. As the 
armature attains speed the re- 
sistance of this rheostat can be 
gradually decreased until fin- 
ally, when the armature has 
attained full speed, it (the ar- 
mature) may be connected di- 
rectly across the line. 
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Fig. 103. — Showing diagram- 
matically correct method of con- 



necting motor so that shunt field 
will be excited before current flows 
in armature. 



Note in Fig. 103, when the 
motor is not operating, knife 
switch K should be open and 
the rheostat handle should be on button B so that the arma- 
ture is not in circuit. Then, in starting the motor, K is closed. 
This permits current to flow through the shunt-field winding 
immediately. No current can flow through the armature until 
the rheostat handle has been moved one button to the right. 
Then a small current will flow through the armature, but when 
it does flow the field will be excited and the armature will 
commence to rotate. 



Sj. 1[/. MOTORS. Adjustable speed motors, unless of special and 
appropriate design, if controlled by means of field regulation, must be so 
arranged and connected that they cannot be started imder weakened 
field. 
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Sk, %I. MOTORS. The use of soft rubber bushings to protect the 
lead wires coming through the frames of motors is permitted, except when 
installed where oils, grease, oily vapors or other substances known to 
have rapid deleterious effect on rubber are present in such quantities and 
in such proximity to motors as may cause such bushings to be liable to 
rapid destruction. In such cases hardwood properly filled, or preferably 
porcelain or micanite bushings must be used. 

Bushings for motor leads should be of non-absorbent and 
preferably of non-combustible materials for the same reasons 
(Rides If and g) that such materials are desirable for generator 
bushings. 

9. RAILWAY POWER PLANTS. 

9. RAILWAY POWER PLANTS. Each feed wire before it leaves the 
power plant must be protected by an approved automatic circuit-breaker 
or other device, which Will immediately cut off the current in case of an 
accidental ground. This device must be mounted on a fire-proof base 
and in full view and reach of thei attendant. 

10. STORAGE OR PRIMARY BATTERIES. 

10a. t/. STORAGE OR PRIMARY BATTERIES. When current 
for light and power is taken from primary or secondary batteries, the 
same general regulations must be observed as apply to similar apparatus 
fed from generators developing the same difference of potential. 

Storage batteries are treated as sources of e.in.f. in so far 
as wiring for them is concerned, just as are generators. Hence, 
storage battery wiring is subject to the same general regula- 
tions as is that outlined for generators, except that, as sug- 
gested below, the fact that acid fumes are always present in 
storage battery rooms renders certain precautions, which will 
be suggested, necessary. 

106. V' STORAGE OR PRIMARY BATTERIES. Storage battery 
rooms must be thoroughly ventilated. 

The ventilation of storage-battery rooms is imperative. 

There are two reasons for this. The first and most important 
is that during the process of charging a storage cell, consider- 
able volumes of hydrogen and oxygen gas are Uberated. Un- 
less these are carried off into the outer atmosphere by effect- 
ive ventilation, it is possible for them to unite in proportions 
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constituting a highly explosive mixture. Such a mixture might 
be exploded by a spark, causing serious damage and possibly 
a fire. The second reason that ventilation is essential is be- 
<;ause the acid fumes from the cells, unless they are carried off 
into the outer atmosphere, charge the air inside of the room 
and render it harmful to the health of the attendants. These 
fumes also tend to increase corrosive action on any exposed 
metal parts. The acid fumes of a storage-battery room do not 
attack lead, which is the only metal of reasonable cost that 
can, unprotected, be used in these locations without danger 
from corrosion. 

10c. 1[/. STORAGE OR PRIMARY BATTERIES. Special atten- 
tion is directed to the rules for wiring in rooms where acid fumes exist 
(see No. 26, % and j). 

The presence of acid fumes necessitates special methods of 
wiring whereby the brass or copper of the conductors, which is 
very readily attacked, is protected from the action of the acid 
vapors. Wiring of the same general character is required in 
these locations as in dye houses, breweries, chemical works and 
similar places, the methods of installing which are described 
under Rule 26z and j. It is probable that the wiring in a stor- 
age battery room is subject, in so far as acid-vapor action is con- 
cerned, to more severe conditions that those which obtain in 
any other location in which wiring is installed. 

lOd. V' STORAGE OR PRIMARY BATTERIES. All secondary 
batteries must be mounted on non-absorptive, non-combustible insula- 
tors, such as glass or thoroughly vitrified and glazed porcelain. 

Storage cells are mounted on vitrified insulators to mini- 
mize the leakage currents that would flow if the cells were 
mounted directly on ordinary wood supports or on bases of 
any material that might become saturated with acid. This 
applies particularly to cells having (Fig. 104) outer tanks of 
wood or other materials which may absorb moisture. After 
wood or any similar material has been allowed to remain in a 
storage-battery room for a relatively short time it may absorb 
acid and thereby become a fairly good conductor. Further- 
more, a film of acid may form on the outer sides of the jars 
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containing the cellB, and, even if they are of hard rubber, pro- 
vide a conducting path. It is for these reasons that it is 
difficult to insulate storage cells thoroughly from ground. 
Experience has shown that glass or porcelain insulators should 
always be interposed between the storage-cell jar and ground. 
A glass jar for a stor^e cell is 
of itself usually considered to 
provide adequate insulation. 

Poicelain insulators used for 
supporting a large wooden stor- 
age-cell tank are shown in Fig. 
104. The insulators, eight in 
number, are of glazed porcelain 
of the type used in high-voltage 
power transmission line con- 
struction. Each insulator is 
supported on a wooden pin, not 

visible in the illustration, set in '^''' i^^^SSSlT'" 
the block under the insulator. 

The top of each insulator rests in a depression in the plank 
above it. 

Glass tiays used for supporting storage cells are shown in 
Fig. 105. The wooden supporting frame is so constructed 
that its top surface constitutes a depreaaion, which is filled 




I.End&ection. I, Front Elevation, 

Fig. 105. — Storage cell supported on glaas traya filled with aand. 

with sand. On this layer of sand the glass trays are bedded. 
The sand assures even bedding. Then each of the trays is 
filled with sand and a glass storage cell is bedded on the sand 
in each tray. The sand in the trays therefore performs two 
functions. First, it provides an even bedding for the cell, 
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and second, it collects any acid-laden moisture that may con- 
dense and flow down on the sides of the glass jars, preventing 
the condensation from saturating the sand on the top of the 
wood frame. It is necessary to change the sand in the trays 
occasionally. The sand in the top of the frame should also 
be changed but less frequently than that in the trays. The 
glass trays in this case may be considered as additional 
insulators. 

10c. If/. STORAGE OR PRIMARY BATTERIES. The use of any 
metal liable to corrosion must be avoided in cell connections of secondary 
batteries. 




Fig. 106. — ^A well-arranged low-voltage storage battery installation for 

farm lighting. 

This is a 30-volt lighting set. Where the container of each cell is a glass jar the jar 
itself may be considered a "non-absorptive non-combustible insulator" thus rendering 
further insulation of each cell unnecessary. 

Lead is used for storage-cell connections because it is the 
only metal commercially available which is unaffected by the 
acid fumes. Where it is necessary that metals other than lead 
be used in a storage-battery room, they must be protected 
either with lead or by one of the methods described in 
Rule 26j. If brass or copper were used unprotected, the acid 
action would probably so reduce their cross-section that the 
current which the conductor was originally installed to carry 
would fuse it, and might thereby cause a fire or an explosion. 
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A low-voltage storage battery installation is shown in 
Fig. 106. 

11. TRANSFORMERS. 

(See also Nos. 14, 15, 36 and 45. For conatrucHon rules see No. 81.) 

Note that the following rules {Rule 11a and b) relate only to 
transformer installations in general. The installation methods 
for outdoor transformers for all systems and voltages are given 
under Rule 14. Grounding of transformer secondaries is dis- 
cussed under Rules 14 and 15. Regulations affecting trans- 
formers installed indoors on low-potential systems (550 volts 
or less) are recited under Rule 36. Requirements for high- 
potential transformers (550 to 3,500 volts) are outlined in 
Rule 45. Rule 81 gives requirements which should be followed 
in constructing or manufacturing transformers. 

11a. If/. TRANSFORMERS. In central or sub-stations the trans- 
formers must be so placed that smoke from the burning out of the coils 
or the boiling over of the oil (where oil filled cases are used) can do no 
harm. 

In locating transformers within buildings it should be re- 
membered that a large transformer contains considerable com- 
bustible material. It is possible for an insulation breakdown, 
due possibly to a lightning discharge or a surge, to result in a 
fire within the transformer. The insulation burns with a 
heavy dense smoke and produces the effect of a very serious 
fire. The result may be that streams of water will be thrown 
on the apparatus in the building, incurring considerable 
damage thereto. Furthermore, the oil in the transformer case 
may become ignited and boil over. Such a fire is very difficult 
to handle. 

A safe indoor transformer installation is shown in Fig. 107. 
The walls of the enclosing room or addition should be of 
brick, hollow tile, or stone. A fire door of approved construc- 
tion separates the transformer room from the building which 
adjoins it. The roof is a concrete slab reinforced with steel 
bars. A ventilator is provided to carry off fumes, should they 
exist, and to keep the room cool. The floor should slope to- 
ward the drain so that if the oil leaks from the tank or boils 
over from it, it will flow out of the building. The drain should 
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empty into a stream or be arranged BOine way so that the trans- 
former oil, if it does flow through it, cannot accumulate. 
Frequently transformer houses are arranged with grating 
floors having a space underneath them so that if the trans- 
former oil leaks it will drip down through the grating and not 
collect on the floor near the transformer. 



Fig. 107. — Transformer house of non-combustible materials. 

lib. H/. TRANSFORMERS, hi central or sub-etationa casings of 
all transformers must be pennanently and effectively grounded. 

The Grounding of a Transformei Casing. — Where the casmg 
of a transformer is thoroughly grounded as shown in Fig. 107, 
or by any of the methods described under RuU 15ff, the fire 
hazard is decreased for the reasons outlined in connection with 
Generators under Rule \c. Furthermore, if a transformer 
case is grounded, it will be impossible for an attendant stand- 
ing on a grounded surface and touching the transformer case 
to receive a shock, even if the transformer case has, because 
of some accident or breakdown, become "charged" from 
accidental contact with the conductors it contains. Where a 
transformer case of any character is grounded, all of the ad- 
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jacent metal work should be grounded also to prevent 
accidents. 

116. VI' TRANSFORMERS. The cases or frames of transformers 
used exclusively to supply current to switchboard instruments must be 
grounded unless they are installed and guarded in all respects as required 
for the higher voltage circuit connected to them. 

Grounding of instrument-transformer casesy while not 
mandatory, is considered desirable in every case where the 
voltage exceeds, say, 220 because it decreases the possibility 
of shock to attendants as suggested above. The power asso- 
ciated with an instrument-transformer circuit is seldom great 
enough to involve any considerable fire hazard. Not alone 
should the transformer casings be grounded but also the metal 
switchboard frames, the instrument cases, conductor sup- 
ports and aU other adjacent conducting members that do not 
constitute portions of the electrical circuits should be groimded. 

Questions. Class A 

1. In what kind of a place should a generator always be installed, and why? 

2. Should, or should not, the frames of generators be grounded, and why? 

3. Should generator frames ever be insulated from ground? If so, under what con- 
ditions? 

4. What overload protection is required for two-wire, direct-current generators, and 
how must such overload protection be installed in the circuit? 

5. What overload protection should be provided for three-wire direct-current gen- 
erators and how should it be arranged? 

6. What data is required on a generator name plate? 

7. In general* what kind of conductors should be used for leads between a generator 
and its switchboard, and how should they be installed? 

8. Give number and location of lightning arresters required on overhead line wires 
entering power plants. 

9. What sise wires should be used for the main leads of a 25-h.p., 220-volt, direct-cur- 
rent motor, assuming that the voltage drop in the leads need not be considered? The 
motor has an efficiency of 85 per cent. 

10. Describe the principle of operation of a ground detector for a two-wire circuit, 
which uses incandescent lamps as indicators. 

11. How should resistance devices be installed on switchboards? 

12. Should the frames of motors ever be grounded, and if so, why, and under what 
conditions? 

13. How much excess current-carrjang capacity should the lead wires serving a motor 
have over its normal full-load current rating? 

14. What are the general requirements governing the installation of switchboards as 
regards their location. 

15. What kind of insulation is required on wires used for connecting resistor elements 
and contact devices of a rheostat, and why? 

16. Should the frames of motors ever be insulated from ground and if so, why and 
under what conditions? 
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17. In running the ground wire from a lightning arrester, what is the smallest siM 
conductor that may be used and, in general, how should this wire be run? 

18. What is the minimum permissible distance between the wiring on the back of a 
switchboard and the nearest wall or partition, and how far should the top of the board 
be from the ceiling? 

19. What special precautions and requirements must be observed in the installation 
of storage or primary batteries? Give the reasons for these requirements. 

20. How should all motors be controlled and protected against overloads? 

21. In determining the sise wire required for serving one alternating-current motor 
what is the procedure followed, and why? 

22. State the general requirements regarding the installation and grounding of trans- 
formers in central stations. 

23. State under what conditions motors and starters should be enclosed, and why. 

24. Where should a motor and its control apparatus be placed in respect to one 
another? 

25. Upon what basis must the wire sise of the branch leads serving a variable-speed 
motor be determined? 

26. May generators be located in places exposed to inflammable gases or flyings of 
combustible materials? State reasons for your answer. 

27. When wood base frames are used for insulating generators from ground, what 
requirements govern their installation? 

28. Are bare bus bars permitted in central stations, dynamo, motor and storage 
battery rooms, transformer substations, etc., or must they be insulated? 

29. How should oily waste in generator rooms be disposed of? 

30. How should secondary batteries be mounted? 

31. When generators are installed in rooms subject to dust or combustible flyings, 
what are the requirements affecting their installation? 

32. Under what conditions may a switchboard be supported directly against a brick 
or stone wallt 

33. Whai kind of conductors must be used when wiring for motors operating at a 
difference of potential between 550 and 3500 volts? 

34. When incandescent lamps are used as protective resistance devices, how are they 
installed? What special requirements govern their use? 

35. What requirements are in effect regarding the flameproof coverings of conductors 
used in switchboard wiring? 

36. How should generator terminal blocks be constructed? 

37. What rulings govern the installation of generator conductors not in conduit? 

38. What special protection may be required when wires with inflammable outer 
braiding are brought close together in the rear of switchboards? 

39. Under what conditions may ,the switch ordinarily required for the control of 
motors and their starting devices be omitted? 

40. When is the^use of soft rubber bushings for generator leads prohibited? Why? 

41. Where must the safety device required in the circuit of a grounded two-wire 
generator, not electrically driven, be placed? 

42. How should motors combined with ceiling fans be installed? 
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(Rules 12 to 15 inclu^ve) 
OOTSIDE WORK* 

(Not Including Wiring for Light, Power and Heat ProleeUd by Seniice Cut- 

out and Switch. For Signaling Sgslejm see Claei E.) 

ALL SYSTEMS AND VOLTAGES. 

12. WIRES. 

12o. f/. WIRES. Line wires must have an approeei weatherproof or 
rubber insulating covering. That portion of the service wires between 
the main cut-out and switch and the first support from the cut-out or 
switch on outside of the building must have an approved rubber insulating 
covering, but from the above-mentioned support to the line, except when 
run in conduit, may have an approved weatherproof insulating covering 
if kept free from awnings, swinging signs, shutters, etc. 

Rubbei-insulated wire must be used in making an entrance, 
as shown in Fig. 108. The wire outade of the building (with 



the exception of that from the last support to the point of 
entrance) may have weatherproof insulation if it is properly 

•Tht National-BUclTicaC-Code CIhm "B" rules (those which relate to -OutBide 

ricidl]' enforoed in DKny commuoitiei. The reason for this haa ptobably b«ea the (set 
that only such portions of the "Code" as are enaoted into local ordinances or statutes 
have lecal foroa. For all praetieal purposes it may be usumed that this Sect, B of the 
Codt ha« been, or wUl ultimately be, supeiseded by Part II of the NaUmuil BUctTical 
Safitv Coda, vhich haa been prepared by the Uiuted States Bureau of Standards, Waeh- 
iolton. A copy of thia Buieau-of-Standarda publicaUon, No. G4, will be furnished 
by tht SuperinttDdent of Documents, Government Printing Office, Washington, D. C, 
for twenty C20o) oenta. 
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Bupported away from members that tend to interfere, but 
between the last point of support outside of the building and 
the main-cut-out-8witch rubber-insulated wire must be used as 
illustrated in Fig. lOS. Such an entrance wire, where it paeaes 
through the wall to the interior of the building, is subjected 
to moisture, which renders desirable the use of the best pos- 
sible insulation on it. Another entrance installation is shown 
in Fig. 109. 

12b. ^/, WIRES. Line wires must be so placed that moisture camiot 
form a cross connection between them; must be not less than one foot 
apart except when in conduit or in the form of multiple conductor cable; 
must not be in contact with any substance other than their insulating 
supports. Multiple conductor cables must be secured to strain insulators 
spaced not less than one foot from any adjacent woodwork and in turn 
secured to petticoat or strain insulators by strain wires. 



I-LineWire&Supportedon E-Line Wirei Supported on 

Brick Wall Outside of" Frame Building 

Fio. 110.-~Approved methods of supporting conductors on building 

exteriors. 

In carrying conductois on the outsides of buildings they may 
where unprotected from the weather be supported on standard 
fixtures as indicated in Fig. 110. In purchasing such brackets 
care should be taken to select those that provide at least the 
1-ft. separation required between conductors. In Fig. 110, 
//, A, is ^own a special extension bracket whereby the con- 
ductors are supported a considerable distance from the side 
of the building to avoid contact with the downspout. 

126. JII. WIRES, For conduit work the general rules for conduit 
installations must be followed and the conduit system must be water- 
oroof. 
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A conduit system installed out of doors must be waterproof 

to prevent moisture from short-circuiting the conductors 
within the duct. To be waterproof a conduit system must 
be so arranged that water cannot enter it. To meet this re- 
quirement it is frequently necessary to use white lead or con- 
ducting paint on the threads 
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Fig. 111. — Conduit service en- 
trance (service conductors dead 



of the ducts and fittings be- 
fore they are assembled, and 
to use rubber gaskets under 
the fitting covers. Where an 
entrance or service head fit- 
ting is used, as in Fig. Ill, 

the wire openings of the fit- ended on^straki insulators)! 

ting should always "look" 

down in such a way that the water cannot enter them. 

12c. %I, WIRES. Must be at least eight feet above the highest point 
of roofs over which they pass or to which they are attached, and roof 
structures must be substantially constructed. Wherever feasible, wires 
crossing buildings should be supported on poles independent of the build- 
ings. 
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Fig. 112. — ^Line wires properly supported on roof structures. 

Roof Structures should, as shown in Fig. 112, carry their 

wires at least 8 ft. above flat roofs so that persons on the roofs 

can readily walk under the wires and so that, even if the wires 

do sag, they will not be likely to touch the roofs. With a peak 
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roof, a 1-ft. clearance, as shown in Pig. 112 was recommended 
in the 1913 Code. No reference to the clearance over a peak 
roof is given in the 1915 edition. It is probable, however, that 
a 1-ft. clearance is aufBcient, because with a roof of this type 
there is Uttle hkeUhood of a person who is on the roof contact- 
ing with the wires or of the wires sagging sufficiently to touch 
the roof. Roof structures may be effectively made of wroi^ht- 
iron pipe and fittings or of structural steel. These materials 
provide more sightly and probably in the long run more eco- 
nomical supports than does wood. 

\.2d. H/. WIIt£8. Must, where exposed to the weather, be provided 
with petticoat insulatoia of Blasa or porcelfun; porcelain knobs or cleats 
and rubber hooks will not be approved. Wires on tha exterior walls of 
buildings must be supported at least every fifteen feet, the distance be- 
tween supports to be shortened if wires are liable to bQ disturbed. 

Petticoat insulators are shown in Fig. 113. Insulators of 
this general type should be used for all exposed out-of-door 




l-Fdr Vol+agss to SOOO R- For Voltogei »o 17,500 

Fig. 113. — Porcelain petticoat insulators. 

conductors on which a pressure exceeding, possibly, 25 volta 
is imposed, for the reason that ordinary porcelain knobs or 
cleats collect so much moisture on their surfaces during rain 
that their insulating values become very low. Such a film 
of moisture will greatly reduce the insulation resistance of an 
insulator and in some cases will render the insulator practically 
useless. Where petticoat insulators, similar to those of Fig. 
113 are used, there will practically always be a dry surface 
under the petticoats at the bottom of the insulator, maintain- 



Class B OUTSIDE WORK Rcu; IM 

ing the inBulation resistance of the ioBulator at a dependable 
value. The "umbrella" edges of an inBulator of this type 
tend to prevent the moisture from collecting on the bottom 
surfaces and even if they do not keep the "petticoats" entirely 
dry, they are very effective in sustaining high insulation 
resistance. While the above rule {RvJe 12d, If/) presumably 
relates to "AU systems and VolUtges" (see heading of Section 
above Rvle 12) it is a fact that porcelain knobs are permitted 
(Jtvle 85c) for the support of outside s^nal wires. 

Supports should be piovided every 16-ft. for conductors 
on exterior walls of buildings (Fig. 110). If the supports are 
placed very much farther apart than this there is a possibility 
of excessive sag in the wires and they may in some cases be 
deflected laterally and rest against the side of the building 
which supports them. Where downspout* or shutters are so 
located that they might interfere with conductors carried on 
the aides of buildii^, additional brackets should be so placed 
as to prevent any possibility _ 

of such interference as shown 
in Fig. 110. 

12* H//. WIRES. Where 

not exposed to the weather, low 

potential wires may be eupparted 

on glass or porcelain knobs which 

will separate the wires at least one 

inch from the surface wired over, 

supports to be placed at least 

every four and one-half feet. ^ ,,, ,„ . ,- ■ . n 

Fig. 114. — Illustrating installa- 

- . ... i .J tion of conductors protected from 

tow-potential outside theweather. 
v^es, unexposed to the 

weathei, may be supported on porcelain knobs as shown in 
Fig. 114. That is, wires having impressed on them a voltage 
of 550 or less may be carried on knobs or porches or under 
eaves or where they are in some similar manner protected from 
the rain and moisture. Inasmuch as it is necessary to aupport 
such wires only 1 in. from the surface wired over, the supports 
should not be more than 4 ft, 6 in. apart. If the supports are 
further apart than this there is a possibility of the conductors 
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contacting with the surface on which they are carried. Signal 
wires may be carried on knobs even if exposed to the weather 
(Rule 85c). 

12e. f 7. WIRES. Must be so spliced or joined as to be both me- 
chanically and electrically secure without solder. The joints must 
then be soldered, to insure preservation, and covered with an insula- 
tion equal to that on the conductors. 

Splices in wires should, if the splices are to be as strong 
unsoldered as the wires composing them, have at least fiv6 
twists in the neck, as shown in Fig. 115. There is always a 
possibility of a loose connection at an misoldered joint. An 
arc may form between the wires of a loose connection and 
melt the wires in two. Then soldering the splice further 
increases its strength and insures permanence and ample 
electrical conductivity. To insulate a splice, it is wrapped, as 
shown in Fig. 116, with insulating materials of the same thick- 
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Fig. 115.— Properly-made bare- Fig. 116.— Showing the method 

wire lornt. (Note that in the of making and insu&ting a joint 

neck there are 4 complete twists in "rubber-covered" wire, 
and 2 half twists making 5 complete 
twists.) 

ness and of the same composition as those comprising the in- 
sulation on the wire in which the splice is made. For example, 
to insulate a splice in a rubber-insulated wire (Fig. 116) the 
splice is first wrapped with rubber tape to a thickness at least 
equal to that of the rubber insulation around the perfect wire. 
Then over this a wrapping of friction tape equivalent to the 
braid of the conductor is served. The friction tape layer 
should be at least as thick as the braid serving on the perfect 
wire. For further information relating to the making of 
splices, see the author's American Electricians' Handbook. 
To insulate a splice in wire with weatherproof insulation 
the wire may be served with friction tape only, to a thickness 
of the weatherproof insulation on the perfect conductor. 
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A tap splice in a conductor is made as Bhown in Fig. 117. 
The bared end of the tap conductor is given a few long or 
"neck" twists around the main conductor and then the joint 
is finished off by serving four or 
five short end turns around the 
main conductor. The same 
rules and procedure are fol- 
lowed in insulating a tap splice 
as for a main-line splice like 
that of Fig. 116. 

In splicing duplex or twin 
conductors the joints should be "staggered," as suf^ested 
in F^. 118, so that there can be no possibility of the two 
joints contacting with each other and so that the bulge or 

Canduch 
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Fig. 118 — Showing how the jointa m a twm-wire splice should be 
Btaggeied ' 

enlargement that ts made in insulating the two joints will 
not occur at one location After a twin wire has been sphced 
by ]ouung its two component wires as shown m Fig. 118 at 




7 and //, and after each of these component splices has been 
insulated with the tape serving of the material of the insula- 
tion next to the wire, then the entire joint should be again 
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served from A to B with friction tape, at least equivalent in 
thickneaa to the protective braid C on the twin wire. In 
conduit wiring, no splices are permitted except in outlet boxes 
{Rule 26-1f/) hence, in conduit work the conductors are 
spliced as shown in Fig. llSa. 



ondvcfor 



12e. ^7/. WIRES. All joints must be soldered, unless made with 

some form of approved splicing device. 

Approved splicing devices are manufactured, but have been 
applied more extensively for inside than for outside work. 
Figs. 119 and 120 show details of two types of the Dessert 



Fia. 120— Mechanical splicing devic« for solid wire (Dessert connector). 

connector. AU of these splicing devices are so designed that 
the two ends of the conductor which is to be joined are clamped, 
usually by a wedging action, by the device. Soldering is 
unnecessary. The electrical conductivity of a good joint of 
this type appears to be at least equal to that of a similar 
length of the wire itself. The mechanical strength of such a 
us 
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joint is usually at least equal to 75 per cent, of that of the 
wires joined, and may be equal to the strength of the wires 
joined. The Dossert connector for stranded wire is shown 

in Fig. 119. 

Splicing Device for Stranded Conductor.— To make a joint 
with this connector the wire (Fig. 119) is first stripped and 
cleaned (A) for a distance He in. longer than the compression 
nut. Then {B) the compression nut and outside ring are 
slipped on and driven home (C) with a cupshaped steel driver 
designed for the purpose. The outer strands are separated 
and the inner ring is pushed on over the central core (D) and 
driven home with another steel driver {E). Now the outside 
strands are formed back into the position (F) and the nipple is 
screwed in place, which still further compresses the conductors 

as shown in G. 

A splicing device for solid conductor is shown in Fig. 120. 
With this device (Dossert Manufacturing Company) the inner 



Fig. 121. — Illustrating some applications of approved mechanical 

splicing devices. 

parts are shaped to receive a double, conical split sleeve^ 
which grips the wire with a chuck-like action. By heading 
over the end of the wire a trifle after it has been slipped within 
the split sleeve, an increase in mechanical strength is obtained. 
Mechanical-splicing T's, crosses and terminallugs (Fig. 121) 
can be purchased. They all involve constructional principles 
similar to those described in connection with Figs. 119 and 120. 

12/. If/. WIRES. Must, where they enter buildings, have drip loops 
outside, and the holes through which the conductors pass must be bushed 
with non-combustible, non-absorptive, insulating tubes slanting upward 
toward the inside. 

The service entrance into a mill-construction building may 
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be arranged as shown in Fig. 109. The aerial weatherproof* 
insulated outside conductor is terminated on a glass insulator. 
The rubber-insulated conductor to the inside is carried through 
the brick wall in a porcelain-tube bushing. The wood block 
upon which the glass-insulator bracket is held with screws is 
supported to the brick wall with expansion anchors. 

Drip loops are bent in conductors just outside of the point 
where the conductors enter a building to prevent the entrance 
of moisture aroimd the wire, as shown in Figs. 108, 109 and 
122. If rain does collect on the wire it will follow the wire 
down to the lowest point, A (Fig. 108) , and there fall o£f . None 
will enter the tube /. 

Porcelain tubes are used to provide insulation where con- 
ductors enter buildings (Figs. 108 and 109). The tube should 
slant down from the inside so that condensed moisture will 
riot flow through the tube to the inside of the building. The 
heads of the tubes should always be inside of the building to 
prevent them from slipping out of position. In brick or 
masonry walls it is good practice to cement the entrance tube 
in position in the wall with plaster of Paris or with Portland 
cement mortar, one-half by volume of sand and one-half of 
cement as shown in Fig. 108. 

12/. If/J. WIRES. For low-potential systems the service wires may 
be brought into buildings through a single iron conduit. The conduit 
to be equipped with an approved service-head. The inner end must 
extend to the service cut-out, and if a cabinet is required by the Code 
must properly enter the cabinet. 

Conduit service entrances are arranged substantially as 
suggested in Fig. 122. The approved service heads are pro- 
vided with insulating outlet bushings, B, which separate the 
wires a safe distarice, D, where they leave the fitting and pre- 
vent the abrasion of the insulation on the conductor by sharp 
metallic edges. As the illustration shows, the conduit entrance 
pipe must extend to the service cut-out, or if an entrance 
switch cabinet is required, the conduit must extend to and enter 
this cabinet. Since the cellar is now usually considered the 
most desirable location at which to enter a building, conduit 
entrances are very frequently installed, conduit providing the 
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most satisfactory support for the conductors down the side 
of the building. Note that conduit entrances are permitted 
only for "low-potential" syfltena involving pressures of 550 
volts or less. The section of conduit used in making an en- 
trance should be installed in accordance with the general 
requirements of Ride 28 for all conduit installations. The 
wire in the conduit must be rubber-insulated. Where the 
conduit passes through a masonry wall as at M, .F^. 122, the 
space between the outside of the conduit and the sides of the 




I- De+oi! of Elbon Fyfrin^. 

Fig. 122. — A conduit entrance. 

hole through the masonry should be sealed with Portland 
cement mortar, as shown around the tube in Fig. 108. 

The height at which service entrance wires should be 
attached to a building is not specified by the Code, but it is 
considered good practice to locate this entrance at least as 
high as the ceiling of the first fioor. Where this is done there 
will be little darker of the service wires being interfered with 
by persona walking on the ground. 

A method of making a service entrance by carrying the con- 
duit down inside of a building is shown in Fig. 111. The 
weatherproof conductors in this case are dead-ended on strain 
insulators; the rubber-insulated conductors extending from 
121 
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the inside of the building, tap on the weatherproof-insula- 
tion wires. 

12/. %IIL WIRES. Metal conduits containing service wires must 
be insulated from the metal conduit, metal moulding, or armored cable 
system within the building and all metal work on or in the building or 
they must have the metal of the conduit permanently and effectually 
grounded to water piping, gas piping or other suitable grounds, provided 
that when connections are made to gas piping, they must be on the street 
side of the meter. This ground connection to be independent of and in 
addition to any other ground wire on metal conduit, metal moulding or 
armored cable systems within the building. 

12/. 1f/F. WIRES. If conduit, couplings or fittings having protect- 
ive coating of non-conducting material such as enamel are used, such 
coating must be thoroughly removed from threads of both couplings and 
conduit, and such surfaces of fittings where the conduit or ground clamp 
is secured in order to obtain the requisite good connection. Grounded 
pipes must be cleaned of rust, scale, etc., at place of attachment of ground 
clamp. 

The reason why the non-conducting material should be 
removed from threads, that is, why the electrical continuity 
of the conduit system must be good is explained under Rule 
28/ VII' 

12/. 1[F. WIRES. Connections to groimded pipes and to conduit 
must be exposed to view or accessible, and must be made by means of 
approved groimd clamps. 

Why the above requirement should be followed is ex- 
plained in the Conduit Wiring information under Rule 28/ 

VV. 

12/. If 72. WIRES. Ground wires must be of copper, at least No. 
6 B. & S. gage (where largest wire contained in conduit is not greater 
than No. B. & S. gage), and need not be greater than No. 4 B. & S. gage 
(where largest wire contained in conduit is greater than No. B. & S. 
gage). They shall be protected from mechanical injury. 

12/. Note. — WIRES. The ground on the conduit system is not to be considered 
as a ground for the secondary sjrstem (See No. 15). 

The methods of grounding conduit systems are described 
under the subject of Conduit Wiring under Rule 28/ f / to V. 

12(7. 11^' WIRES. Electric light and power wires must not be placed 
on the same cross-arm with telegraph, telephone or similar wires, and 
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when placed on the same pole with such wires the distance between the 
two inside pins of each cross-arm must not be less than twentynsix inches. 
12h, ^/. WIRES. The metallic sheaths of cables must be perma- 
nently and effectively connected to "earth" approximately every 500 ft. 

12. TROLLEY WIRES. 

12t. If/. TROLLEY WIRES. Must not be smaller than No. B. & 
S. gage copper or No. 4 B. & S. gage silicon bronze, and must readily 
stand the strain put upon them when in use. 

12j. V- TROLLEY WIRES. Must have a double insulation from 
the ground. In wooden pole construction the pole will be considered as 
one insulation. 

12fc. 1[/. TROLLEY WIRES. Must be capable of being disconnected 
at the power plant, or of being divided into sections, so that in case of fire 
on the railway route, the current may be shut off from the particular 
section and not interfere with the work of the firemen. This rule also 
applies to feeders. 

121. If/. TROLLEY WIRES. Must be safely protected against acci- 
dental contact where crossed by other conductors. 

121. If//. TROLLEY WIRES. Where guard wires are used they must 
be insulated from the ground and electrically disconnected in sections of 
not more than 300 feet in length. 

13. CONSTANT-POTENTIAL POLE LINES, OVER 5,000 VOLTS. 

13. Note.— CONSTANT-POTENTIAL POLE LINES, OVER 6.000 VOLTS. 
(Overhead lines of this class unless properly arranged may increase the fire loss from the 
following causes: — 

%I. Accidental crosses between such lines and low-potential lines may allow the high- 
voltage current to enter buildings over a large section of adjoining country. Moreover, 
such high-voltage lines, if carried close to buildings, hamper the work of firemen in case 
of fire in the building. The object of these rules is 30 to direct this class of construction 
that no increase in fire hazard will result, while at the same time care has been taken to 
avoid restrictions which would unreasonably impede progress in electrical development. 

^11. It is fully understood that it is impossible to frame rules which will cover all 
conceivable cases that may arise in construction work of such an extended and varied 
nature, and it is advised that this Department be freely consulted as to any modification 
of the rules in particular cases.) 

13a. If/. CONSTANT-POTENTIAL POLE LINES, OVER 5,000 
VOLTS. Every reasonable precaution must be taken in arranging 
routes so as to avoid exposure to contacts with other electric circuits. 
On existing lines, where there is a liability to contact, the route should be 
changed by mutual agreement between the parties in interest wherever 
possible. 

136. 1[/. CONSTANT-POTENTIAL POLE LINES, OVER 5,000 
VOLTS. Such lines should not approach other pole lines nearer than 
a distance equal to the height of the taller pole line, and such lines should 
not be on the same pole with other wires, except that signaling wires used 
by the Company operating the high-pressure system, and which do not 
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enter property other than that owned or occupied by such Company may 
be carried over the same poles. 

If two pole lines are not separated by a distance at least 
equal to the height of the taller pole line, if the taller polesare 
blown over they may fall on the lower line. Where the 
heights are in accordance with the above requirements such 
interference is imposaible. 

13c. 117. CONSTANT-POTENTIAL POLE LINES, OVER 5,000 
VOLTS. Where such lines must necessarily be carried nearer to other 
pole lines than is specified in Section b above, or where they must neces- 
sarily be carried on the same poles with other wires, extra precautions to 
reduce the liability of a breakdown to a minimum must be taken, such 
as the use of wires of ample mechanical strength, widely spaced cross-arms, 
short spans, double or extra heavy cross-arms, extra heavy pins, insula- 
tors, and poles thoroughly supported. If carried on the same pole with 
other wires, the high-pressure wires must be carried at least three feet 
above the other wires. 

13<f. IJ. CONSTANT-POTENTIAL POLE LINES, OVER 6,000 
VOLTS. Where such lines cross other lines, the poles of-both lines must 
be of heavy and substantial construction. 

ISA VI- CONSTANT-POTENTIAL POLE LINES, OVER 6,000 
VOLTS. Whenever it ia feasible, end-insulatcr guards should be placed 
on the cross-arms of the upper line. If the high-pressure wires cross 
below the other lines, the wires of the upper line should be dead-ended 
at each end of the span to double-grooved, or to standard transposition 
insulators, and the line completed by loops. 




Oeod End 

Fio. 123. — Insulators arranged for high-tension crossings. 

An end-insulator guard formed of heavy iron wire is shown 
in Fig. 123, /. The function of such a guard is to prevent the 
wire supported on the insulator within it from falling from the 
crossarm and on to the wires below in case the tie wire becomes 
broken. In placing a guard wire of tliis character on the croseh 
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arm, the arm should be notched at points indicated by N to 
prevent the guard from slipping off. A guard of another 
type is shown in Fig. 124. These guards consist merely of 
pieces of strap iron securely bolted to the croaaarm. Guard 
irons should always be of sufficient strength that there will be 
no possibiUty of their being displaced by the conductors which 
they are suppMted to restrain. 



A tranqtosition insolator may be used for dead-ending a 
line at a high-tension crossing as shown in Fig. 123, //. 
Where the wires are dead-ended as shown the possibility of a 
cross between the wires carried on the transposition insulator 
and those on crossarms below is minimized. If, instead of a 
transposition insulator being used at C, an insulator of the 
ordinary type were employed, and the wire broke some place 
to the right of B, for instance, the weight of the cross-over 
span A might pull the whole section to the left of the break back 
through the tie wire on the insulator and it might fall down and 
make contact with the wires under A . Obviously, where the 
wires are dead-ended on a transposition insulator as shown, 
there is no likelihood of their pulling through the tie and be- 
coming fouled with the conductors below the cross-over span A. 
125 
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13d. VI- 1- CONSTANT-POTENTIAL POLE LINES, OVER 5,000 
VOLTS. One of the following forme of construction must then be 
adopted : — 

The height and length of the crosB-over span may be made such that 
the shortest distance between the lower cross-arms of the upper line and 
any wire of the lower line will be greater than the length of the croaa- 
over span, so that a wire breaking near one of the upper puis would not 
be long enough to reach any wire of the lower line. The high-pressure 
wires should preferably be above the other wires. 

Where a pole Uue carrying a pressure of 6,000 volts or above 
crosses another line, it is desirable that the heights of the poles 
at the crossing be so selected 
that crosses between the two 
lines will be impossible. For 
example, as showD in F^. 
125, if the poles carrying the 




Pig. 125. Pio. 126. 

Fio. 126. — Showing how a broken cross-over-span wire of a high ten- 
sion line may foul with the conductors of a low-tension line unless the 
high-tension poles at the crossing are sufficiently high. 

Fio. 126.— Showing how the high-tension poles should increase in 
height as the distance between them and the low-tension line increases. 

high-tension conductors, which should preferably be located 
above the low-tension conductors, are not sufficiently high 
and not sufficiently close to the low-tension line, a wire 
breaking in the cross-over span may drop down as shown 
and foul with the low-tension line. Fig. 126 indicates that 
if the high-tension poles are high enough, it will be im- 
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possible for a broken high-tension wire of the cross-over span 
to fall down against the low-tension conductors. It is ob- 
vious from the illustration that the farther away from the 
low-tension line the high-tension poles are located, the higher 
the high-tension poles must be to satisfy this requirement. 
In fact, if the high-tension poles are located very far away 
from the low-tension line their height becomes excessive 
and their cost therefore exorbitant and out of all propor- 
tion to their value. It follows then that, as a general 
proposition, the two poles carrying the high-tension line over 
a low-tension line should be set as close as possible to the 
low-tension line. See the author's American Electricians' 
Handbook for further information on line construction. 

A good method of arranging a high-tension crossing is that 
pictured in Fig. 127, where one high-tension pole is set very 



Crossing 

. /V 



High-Yoffage 




Fig. 127. — Crossing of a high-tension transmission line over a 

telephone line. 

close to, or possibly in between, the low-tension conductors. 
Then somewhat shorter high-tension poles can be located on 
either side of the low-tension line and a reasonable distance 
away from it. Note that end- insulator guards as shown in 
Fig. 123, should be arranged on the high-tension poles adja- 
cent to the high-tension crossing. Also note that the cross- 
over span for the low-tension conductors should be dead-ended 
on transposition insulators as shown in Fig. 123 //, or arranged 
in accordance with some other method that will provide 
equivalent protection. Probably the most satisfactory method 
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of making a cross-over on a high-tension line is one similar to 
that suggested in Fig. 124, on a preceding page, wherein a 
joint pole for both lines is used. 

13d. If//. 2. CONSTANT-POTENTIAL POLE LINES, OVER 5,000 
VOLTS. A joint pole may be erected at the crossing point, the high- 
pressure wires being supported on this pole at least three feet above the 
other wires. Mechanical guards or supports must then be provided, so 
that in case of the breaking of any upper wire, it will be impossible for 
it to come into contact with any of the lower wires. 

13d. %II. 2. NoTU.— CONSTANT-POTENTIAL POLE LINES, OVER 6,000 
VOLTS. Such liability of contact may be prevented by the use of suspension wires, 
similar to those employed for suspending aerial telephone cables, which will prevent 
the high-pressure wires from falling, in case they break. The suspension wire should be 
supported on high-potential insulators, should have ample mechanical strength, and 
should be carried over the high-pressure wires for one span on each side of the joint pole, 
or where suspension wires are not desired guard wires may be carried above and below 
the lower wires for one span on each side of the joint pole, and so spread that a falling 
high-pressure wire would be held out of contact with the lower wires. 

Such guard wires should be supported on high-potential insulators, or should be 
grounded. When grounded, they must be of such sixe, and so connected and earthed, 
that they can surely carry to ground any current which may be delivered by any of 
the high-pressure wires. Further, the construction must be such that the guard wires 
will not be destroyed by any arcing at the point of contact likely to occur under the 
conditions existing. 

A joint pole crossing is illustrated in Fig. 124, which shows 
the high-tension conductors of a three-phase line crossing a 
telephone line. The construction carrying and associated with 
the high-tension conductors should be very strong. End- 
insulator guards of same type (see Figs. 123 I and 124) 
should be used to prevent the high-tension wires from slip- 
ping accidently from the ends of the crossarms. Although a 
3-ft. spacing between the high- and low-tension conductors is 
considered permissible in some cases, it is believed better 
practice to make this spacing at least 5 ft. In the illustration 
the guard wires on the telephone crossarms are supported on 
high-tension insulators about 1 ft. from the telephone wires 
and about 4 in. above them. These guard wires should, pref- 
erably, be grounded. Inasmuch as the guard wires on the 
high-tension crossarms of Fig. 124 lie directly over the guard 
wires on the lower crossarms, it would be impossible for one 
of the high-tension wires, if it broke, to contact with the tele- 
phone conductors. The end-insulator guards extend about 
8 in. above the horizontal plane of the high-tension conductors. 
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Where the guard wires are grounded it is not necessary to 
support them on high-tension insulators. Where metal poles 
are used for high-tension crcssings, and they are probably 
preferable except that they are much more expensive, the metal 
pole should be thoroughly grounded. 

IM. If//. 3. CONSTANT-POTENTIAL POLE LINES, OVER 5,000 
VOLTS. Whenever neither of the above methods is feasible, a screen 
of wire should be interposed between the lines at the cross-over. This 
screen should be supported on high tension insulators or grounded, and 
should be of such construction and strength as to prevent the upper wires 
from coming into contact with the lower ones. 

13d. T[J/. 3. Note.-— CONSTANT-POTENTIAL POLE LINES, OVER 5,000 
VOLTS. If the screen is grounded each wire of the screen must be of such sise and so 
connected and earthed that it can surely carry to ground any current which may be 
delivered by any of the high-pressure wires. Further, the construction must be such 
that the wires of screen will not be destroyed by any arcing at the point of contact likely 
to occur under the conditions existing. 

13e. If/. CONSTANT-POTENTIAL POLE LINES, OVER 5,000 
VOLTS. When it is necessary to carry such lines near buildings, they 
must be at such height and distance from the building as not to interfere 
with firemen in event of fire; therefore, if within 25 feet of a building, 
they must be carried at a height not less than that of the front cornice, 
and the height must be greater than that of the cornice, as the wires 
come nearer to the building in accordance with the following table : — 



Distance of wire 

from building, 

feet 


Elevation of wire 

above cornice of 

building, feet 


Distance of wire 

from building, 

feet 


Elevation of wire 

above cornice of 

building, feet 


25 
20 
15 



2 
4 


10 

5 

1 


6 
8 
9 



13c. Note .—CONSTANT-POTENTIAL POLE LINES, OVER 5,000 VOLTS. It 
is evident that where the roof of the building continues nearly in line with the walls, as 
in Mansard roofs, the height and distance of the line must be reckoned from some part 
of the roof instead of from the cornice. 

When lines carrying pressures of 6,000 volts or above are 
carried near buildings they should be arranged in accordance 
with the requirements indicated in Fig. 128. The intent of 
these requirements is to so locate the high-tension conductors 
that they will not interfere with the fighting of a fire in the 
adjacent building. That is, .they should be so located that the 
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firemen in the street can play a stream of water on the burning 
structure without its striking the high-tension conductors. 
Where the building has a flat roof, as shown in the full lines 
in Fig. 128, 77, the high-tension conductor nearest the build- 
ing may be located in accordance with the dimensions, A, 
given from the farthest extending point on the cornice. But 
if the building has a mansard roof, as indicated by the dotted 
lines, then it is obvious that conductors located as just above 
suggested would interfere with the operations of the firemen. 
Then, with a mansard roof or any roof that has a slight pitch, 
the conductors should be located in accordance with dimen- 
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Fig. 128. — Showing minimum clearances allowable between high-voltage 

conductors and buildings. 

sions, B, measured, not from the actual cornice of the building, 
but from what in this case is equivalent to the cornice, that 
is, from some point, C or 7) of the roof, or preferably E^ the 
top corner of the building. 

14. TRANSFORMERS. 

{See also Nos. 11, 15, 36 and 45. For construction rules see No. 81.) 

Note that the requirements of this Rule 14 relate only to 
transformers installed out-of-doors. See the note under the 
heading of Rule 11 for a list of the different sections of the 
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Code which specify methods of transformer installation and 
construction. 

14. Note. — TRANSFORMERS. Where transformers are to be connected to high- 
voltage circuits, it is necessary in many cases, for best protection to life and property, 
that the secondary system be permanently grounded, and provision should be made for 
it when the transformers are built. 

The ground connection to a transformer secondary .winding 

may be, and usually is, in practice, made to one of the second- 
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FiQ. 129. — Methods of making ground connections to secondaries of 

standard distributing transformers. 

ary conductors outside of the transformer case. Fig. 129 
shows the usual methods of making such connections. There 
does not appear to be any particular advantage in making any 
special provision for the grounding of a secondary circuit of a 
standard single-phase distributing transformer when the trans- 
former is built, inasmuch as such a connection can always 
be readily made. However, when two-phase or three-phase 
transformers are constructed, it may be advisable to then have 
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a special tap brought out from the neutral or some other point 
of the secondary windings. 

Note. — Transformers connecting only to high-tension cir- 
cuits (above 550 volts), as specified in the above rule, need not 
have their secondaries grounded. However, the secondaries 
of low-voltage distributing transformers where the pressure 
between 'any live wire and ground does not exceed 150 volts 
must be grounded; where the pressure exceeds 150 volts they 
may be grounded all as outUned in Rule 156. 

14. If/. TRANSFORMERS. Must not be attached to any building 
when the potential exceeds 550 volts, except by special permission, and 
when attached to buildings must be separated therefrom by substantial 
supports. 

Transformers operating at pressures in excess of 660 volts 
should not be supported on buildings for the reason that they 
are likely to materially interfere with the fighting of a fire in 
the building and that they introduce the possibility of voltages, 
greater than those for which interior conducting systems are 
ordinarily designed, being impressed upon the circuits within 
the building. The preferable arrangement is always to have 
the transformers mounted directly on poles, on platforms 
built between poles, or in underground transformer vaults. 
The transformer should be located a reasonable distance (20 
to 25 ft., if possible) away from the building. This will insure 
that the high-tension conductors to the transformer will be 
at least 20 or 25 ft. away from the building. Where it is 
absolutely imperative that transformers operating at pressures 
exceeding 550 volts be attached to buildings, they should be 
supported thereon by a method similar to one of those sug- 
gested below. 

In arranging the supports for a transformer on a building 
wall it should be remembered that the transformer imposes 
not only a vertical stress on the wall and its supports, but also 
an outward stress tending to pull the upper supporting bolts 
out of the wall or to pull the upper timbers away from it. It 
is this "tipping" stress that must be considered most carefully 
because almost any reasonable arrangement will support the 
vertical stress. With an old masonry wall or a weak frame 
(wood) one, the only method of effectually supporting this 
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tipping stress is to use boItB extending clear through the wall 
for holding the transformer or the frame which supports it. 

Methods of supporting transformers on buildings are shown 
in Figs. 130 and 131. Where the transformers operate at 
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pressures not exceeding 550 volts there is no particular objec- 
tion to mounting them on buildings as shown, but where the 
pressure on the transformer does exceed 550 volts the practice 
is, as above suggested, objec- 
tionable and special permission ' 
from the local underwriters' in- ^ >» 
Bpector should be secured be- ■ 
fore the transformers are thus 
mounted. In any case, the j^ 
transformer cases should not * 

rest directly against the build- rw 

ing wall, but should be sepa- 
rated therefrom in some way so 
that an air space will be pro- 
vided between the transformer Fio, 131.— Transtormermounted 

J ,, „ on bnck wall oa wooden rack. 

and the wall. 

The method of supporting a transformer on a special wall 

hanger is shown in Fig. 130. With this arrangement, a special 

iron hanger, detailed in 11, is used. If the building walls are 

of masonry, the hanger irons may be secured thereto with 
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expansion bolts, or preferably with machine bolts passing 
entirely through the wall. If the wall is of wooden construc- 
tion, the hanger may be fastened to the wall with lag screws, 
but preferably with through bolts. 

The method of supporting a transformer on a timber frame 
is shown in Fig. 131. The frame should be of substantial 
construction and thoroughly painted to prevent the absorp- 
tion of moisture. The cross timber A may be made of the same 
proportions as a standard crossarm so that it will accommo- 
date the crossarm hanger iron ordinarily furnished with trans- 
formers. Through bolts should be used where possible for 
fastening the timbers to the wall, but lag screws or expansion 
bolts can be utilized, where the application of through bolts 
is not feasible and where the wall material is strong enough to 
sustain the lag screws or expansion' bolts. 

16. GROUNDING LOW-POTENTIAL CIRCUITS. 

15. Note.— GROUNDING LOW-POTENTIAL CIRCUITS. The grounding of 
low-potential circuits under the following regulations is only allowed when such circuits 
are so arranged that under normal conditions of service there will be no appreciable 
passage of current over the ground wire. 

DIRECT-CURRENT THREE-WIRE SYSTEMS. 

15a. If/. GROUNDING LOW-POTENTIAL CIRCUITS. Neutral 
wire must (except where supplied from private industrial power or light- 
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Fig. 132. — Grounds on the neutral wire of a three-wire system. 

ing plants where the primary voltage does not exceed 550 volts) be 
grounded, and the following rules must be complied with: — 

1. Must be permanently and effectively grounded at the Central 
Station. The ground connection must include all available underground 
complete metallic piping systems. 
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2. In underground systems the neutral wire must also be grounded at 
each distributing box through the box, or on the individual service as 
provided in sections dog inclusive. 

3. In overhead systems the neutral wire must be grounded every 500 
feet, as provided in Sections c to g. 

Th,e neutral of a three-wire overhead distributing system 
should be grounded at least every 500 ft., as shown in Figs. 
132 and 133. These conductors should be grounded because 
of the same reasons (outlined in a following paragraph under 
Rule 156) that all secondary circuits of transformers should be 
grounded, namely, to tend to prevent a difference of potential 
greater than that for which the apparatus feeding from the 
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Fig. 133. — Grounds on the neutral of a three-wire secondary at trans- 
former and along pole line. 

conductors of the three-wire circuit were designed being 
impressed on them. 

ALTERNATING-CURRENT SECONDARY SYSTEMS. 

156. \l. GROUNDING LOW-POTENTIAL CIRCUITS. Trans- 
former secondaries of distributing systems (except where supplied from 
private industrial power or lighting plants where the primary voltage 
does not exceed 550 volts) must be grounded, provided the maximum dif- 
ference of potential between the grounded point and any other point in 
the circuit does not exceed 150 volts and may be grounded when the 
maximum difference of potential between the grounded point and any 
other point in the circuit exceeds 150 volts. In either case the following 
rules must be complied with : — 

1. The grounding must be made at the neutral point or wire, whenever 
a neutral point or wire is accessible. 
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2. When no neutral point or wire is accessible, one side of the secondary 
circuit must be grounded. 

3. The ground connection must be at the transformers or on the indi- 
vidual service as provided in Sections c to g, inclusive, and when trans- 
formers feed systems with a neutral wire, the neutral wire must also be 
grounded at least every 500 feet. 

The grotmd connections to transformer secondaries may 

be made as shown in Fig. 129. The arrangement of the pri- 
mary and secondary windings within a distributing trans- 
former is indicated in 7. There are usually two primary and 
two secondary coils. The transformer may be adapted for 
different primary and secondary voltages by connecting these 
coils either in series or in parallel. The series or parallel con- 
nections of the secondary coils are usually made by suitably 
joining the secondary conductors outside of the transformer. 
The primary coils may be connected in series or in parallel 
by means of a connection block and straps provided within the 
transformer. 

The ground connection on a transformer three-wire 
secondary operating at no and 220 volts is made as shown in 
Fig. 129 at //. The ground is connected to the neutral point 
of the secondary and to the neutral wire. 

The ground connection on a transformer two-wire second- 
ary operating at no volts is made as indicated in Fig. 129 at 
///. Inasmuch as it would be infeasible to join to the neu- 
tral point of a transformer secondary winding, which is con- 
nected as at ///, the earth connection is made to one side 
wire of the circuit. To connect to the true neutral in this case 
it would be necessary to tap a lead to points N and N of the 
two secondary coils as indicated at / and then to carry this 
lead to ground. Obviously, this could not be done with dis- 
tributing transformers of ordinary construction without dis- 
mantling and re-winding the transformer. 

The ground connection of a transformer two-wire secondary 
operating at 220 volts may be made as diagrammed in Fig. 129 
at IV. In this case the ground wire joins the secondary 
winding at its neutral point. 

. Three-phase transformer secondaries may be grounded as 
shown at V and VI, Fig. 129. With the delta-connected 
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secondary of V, the ground is not at the neutral point of the 
secondaries of the group and it is impossible to connect the 
ground wire to the true neutral point of a three-phase delta- 
connected group, unless an artificial neutral point be established 
through the insulation of three resistors or similar devices 
connected in star. The star-connected secondaries of VI are 
grounded at the true neutral point on the secondary system. 

Why it is desirable to grotmd transformer secondaries may 
be explained thus: If, through accident, the primary and 
secondary coils of a transformer become electrically connected, 
the high-tension primary voltage is then impressed upon the 
normally low-tension secondary circuit. Any person then 
touching any conducting component of the secondary system 
would have impressed on him to ground the primary voltage. 
Furthermore, if the primary and secondary are in electrical 
contact, the fire hazard is greatly increased because then the 
high-tension voltage (possibly 2,200 volts) is impressed be- 
tween the secondary system and ground. 

Now the entire secondary system and its conductors, fittings 
and appliances are ordinarily insulated for a voltage of only 
110 or 220. It follows that the 2,200-volt pressure is likely 
to break down this 110- or 220-volt insulation, and impel a 
current through the insulation to ground and possibly produce 
a fire, by causing arcs between the conductors and the in- 
terior water or gas piping or other grounded metal, or in 
low-voltage fittings. If the secondary of the transformer is 
grounded a voltage between the secondary system and 
ground that would be dangerous to life, cannot, except under 
unusual conditions, exist. 

Example. — Consider the diagram of Fig. 134 which shows 
a generator feeding a secondary distribution system through 
a transformer. Note that there is normally no electrical con- 
nection between the primary and secondary circuits. The 
connection C shown is an accidental cross between the high- 
and low-tension circuits which might be within the transformer 
case, or at some point out on the line as shown at C in Fig. 135. 
The primary voltage is assumed to be 2,200, and the secondary 
voltage 110. Now assume further that there is no ground on 
the low-tension or secondary circuit, but that there is a ground 
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at G on one of the primary or high-tension conductors. This 
ground G (Figs. 134 and 135) might be an accidental ground, 
such as a tree ground, or it might be a permanent ground placed 
for some reason or other on the primary circuit. 

Now with conditions as above defined, a man, ikf , Fig. 134, 
standing on the earth and touching any live current-carrying 



.'Alfernat/m 



'Accidental Cross between 

Primoiry omd Secondary 

it, 



• CVrrenf Generator fy,. Transformer ''^"^< 

i 



Frimary-' 



•♦.. 



M 



'f-^ 




6 c 



.^s. 



slv 9 9 si 






,'Afan Connected Incandescent : 



with Ground and 
Tcuchina Secondary 
Condvicfors 



lamps ■ 



Fig. 134. — Showing how a person may receive a shock by touching 
an ungrounded secondary circuit which is "crossed" with a primary 
circuit. 

part of the secondary circuit, would have impressed across 
him, between the part of his body that touched the circuit 
and ground, 2,200 volts. This pressure would, probably, force 
through the man's body, as shown by the full arrows, a current 
sufiiciently great to kill him. 
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Fig. 135. — Accidental cross between high-voltage primary feeder and 
low-voltage secondary mains — no permanent ground on secondary. 

But, if the secondary circuit be grounded by connecting 
it to the permanent ground PG, Figs. 136 and 137, then the 
maximum voltage that could then exist (except under very 
unusual conditions) between the secondary circuit and ground 
is 55 volts. For example: An accidental cross occurs between 
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the primary and secondary circuits either out on the pole line 
as shown in Fig. 136 or within the transformer case (Fig. 137). 
A current of considerable intensity will be forced through the 
cross and the permanent ground as shown in Fig. 137 by the 
arrows. In other words, the permanent ground provides a 
short-circuit path for the current, and an excessive current 
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Fig. 136. — Transformer secondary permanently grounded. Accidental 
cross between primary and secondary line wires. 

will flow. This will cause a fuse or a circuit-breaker, located 
in the high-tension or primary circuit at the station or distribu- 
tion center to open, whereby the primary circuit will be dis- 
connected from its source of energy. 

The automatic cut-out just referred to may be either the 
primary fuses at the transformer, inserted between the pri- 
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Fig. 137. — Showing secondary circuit permanently grounded at middle 

point of transformer secondary winding. 

mary main and the transformer, the fuses at a high-tension 
distribution center or the fuses or circuit-breaker protecting 
the high-tension circuit at the central station. Furthermore, 
the permanent ground placed on a secondary circuit tends to 
form a short-circuit or shunt path of very low resistance be- 
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tween the secondary circuit and ground. Then in case the 
high-tension circuit does accidentally contact with the low- 
tension circuit and a person now touches the low-tension cir- 
cuit, the secondary ground connection constitutes a short- 
circuit path around him and thereby prevents him from being 
"shocked." 

For maximum protection the primary circuit must be pro- 
vided with automatic cut-outs (fuses or circuit-breakers) so 
that in case of a cross between the primary and secondary, 
like that just referred to, there will be every assurance that the 
excessive current flowing through the secondary-circuit ground 
connection will cause the automatic cut-out to open and dis- 
connect the transformer primary or the primary circuit from 
its source of energy. 

The reason for connecting the ground wire to the middle or 
neutral point of a transformer secondary is that where this is 
done the difference of potential then possible between any part 
of the secondary circuit and ground is a minimum. 

Example. — If the ground connection is made at the middle 
point of a transformer secondary connected for 220 volts as 
shown in Fig. 129, //, then the maximum possible difference 
of potential between any part of the secondary circuit and 
ground is, except under very unusual conditions, 110 volts. 
If, instead of the ground wire having been connected at N {II) 
it were connected to either of the outside wires at Oi or O2, 
then the maximum possible difference of potential between 
parts of the circuit and ground would be 220 volts. 

A cross between a high-tension primary circuit and a low- 
tension secondary circuit may be dangerous even if there is no 
ground on the primary circuit. It is sometimes supposed that 
there is no danger in touching one side of a high-tension cir- 
cuit if the other side of the circuit is free from grounds. This 
view is erroneous, and it is quite possible for a person standing 
on or in electrical connection with ground to be killed by touch- 
ing at one point a high-tension circuit upon which there are 
no other grounds or by touching a low-tension circuit which is 
in accidental contact with such a high-tension circuit. If the 
high-tension circuit connects with an extensive network, this 
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network will then have considerable electrostatic capacity 
(permittance) against ground. The short-circuit path, com- 
prising in series the condenser thus provided and the person, 
may have such low impedance that it will in many cases per- 
mit a charging current to flow which is sufficient, if it passes 
through a person's body to ground, to kill the person. Ground- 
ing the low-tension circuit will eliminate the life hazard above 
described that may be present because of the electrostatic 
capacity of an ungrounded primary circuit which is in contact 
with a secondary circuit. 

The objections to grotmding a low-tension secondary sys- 
tem are: (1) A single accidental ground upon one of the sec- 
ondary conductors f if the secondary conductor of opposite polarity 
is permanently grounded, may, and probably mil, interfere with 
the service. (2) With permanent ground on a secondary cir- 
cuit, if the ground wire connects to one of the outside wires of 
the secondary circuit, there then exists between the other wire of 
the circuit {that is, the conductor of opposite polarity) and ground 
the full difference of potential of the secondary circuit, (3) 
Permanent grounds on secondary circuits may cause difficulties 
when tests are being made, (4) Permanent grounds increase 
the expense of installation. It is apparent then that there are 
certain disadvantages to secondary grounding. 

It is generally conceded that secondary grounding tends to 
increase rather than decrease the fire hazard. For example: 
With one side of the secondary permanently grounded, one 
accidental ground or breakdown of insulation on the other side 
of the circuit will involve a short-circuit and possibly a fire 
if the overload protection of the circuit does not act promptly. 
Obviously, when a secondary system is entirely free from 
grounds, two breakdowns or accidental gjfounds, one on each 
side of the system, that is, one on the positive wire and one on 
the negative wire, are necessary to constitute a short-circuit. 
Where ground detectors are installed, the first ground will ordi- 
narily be discovered and cleared before the second one occurs. 
However, in spite of the above disadvantages, which practice 
has shown to be relatively unimportant, it is now considered 
the best practice to ground all secondary circuits so that life 
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hazard will be a minimum. This course is recommended by 
practically all competent authorities, particularly where the 
high-tension voltage exceeds 550. 

Secondary grounds should be tested periodically — about 
once a year — to insure that they are effective. It is especially 
important that the ground connection be tested where the 
transformer is located a considerable distance from the build- 
ings served by its secondaries. It sometimes occurs that a 
secondary ground connection is effective in preventing poten- 
tial rises on the secondary system only within a relatively 
limited area. Such conditions are attributed to the poor con- 
ducting properties of the earth adjacent to the ground on the 
secondary system. 

The grounding of a neutral wire of a three-wire system not 
only tends to decrease life hazard but it also tends to insure 
the continuity of the neutral conductor, because if the neutral 
is grounded at frequent intervals along its length and it breaks 
at some point, the neutral conducting path will be completed 
around the break through the two grounds on either side of it. 
The general situation relative to grounding may be out- 
lined thus : While the Code specifies no requirements one way 
or the other as regards the grounding of the neutral on a high- 
potential system (550 to 3,500 volts) it specifies (Rule 5) that 
lightning arresters must be installed on circuits operating at 

these voltages. Grounding, it 
appears, is regarded as a me- 
dium of reducing the risk of 
shock or injury to persons, but 
which tends to increase fire 
hazard; hence in compiling the 
rules now in effect the Elec- 
trical Committee yielded to 
the "life hazard" plea (Rule 
156) only for circuits operating 
at pressures not exceeding 150 volts. That is, grounding the 
transformer secondaries of circuits operating at pressures of 
150 volts and below is compulsory, except where a system is 
supplied from private industrial power or lighting plants where 
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the primary voltage does not exceed 550. This in effect means 
that all circuits used for domestic and business electric lighting 
and service must be grounded. For circuits with voltages 
above 150 grounding is optional as far as the Code is concerned, 
but in practice nearly all of the secondary circuits, except those 
operating at rather high voltages, are grounded. For example : 
In Fig. 138 the ground connection S on the 110-220-voIt three- 
wire secondary ia compulsory, while that at F on the high- 
tension (above 550 volts) mains is optional. 

OHOUND CONNECTIONS. 

15c. 1[/. GROUNDING LOW-POTENTIAL CIRCUITS. GROUND 
CONNECTIONS. When the ground connection is insideot any building, 
or the ground wire is inside of, or attached to any building {except Central 
or Sub-stationa), the ground wire must be of copper and have an approved 
rubber-insulating covering National Electrical Code Standard, for from 
to 600 volts. 

Rubber-insulated, copper ground wires should be used in 
or on buildings because in these locations maximum conduct- 
ivity and high insulation are 
desirable so that a fire risk may 
be decreased to a minimum. 
Under extreme conditions 
ground wires may carry large 
currents. Iron ground wires 
cleated directly to the pole as 
shown in Fig. 139 have been 
found satisfactory in aerial 
construction, but they should 
be inspected frequently because 
an iron ground wire is subject 
to corrosion, particularly at 
the ground line. Obviously, 
every precaution should be 
observed in order to maintain the ground wires intact. 

15d. 1/. GROUNDING LOW-POTENTIAL CIRCUITS. GROUND 
CONNECTIONS. The ground wire in direct-current three-wire systems 
must not at Central Stations be smaller thati the neutral wire and not 
smaller than No. 6 B. & S. gage elsewhere. The ground wire in alter- 
nating-current systems must never be less than No. 6 B. & S. gage. 
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No grotmd wire should ever be smaller than No. 6, A. W. G. 

(A. W. G. means American Wire Gage, which is the same as the 
B. & S. Gage), because wires smaller than this are too weak 
mechanically to insure against their breakage due to mechan- 
ical injury in the exposed conditions in which they are 
frequently installed. 

15d. 1[//. GROUNDING LOW-POTENTIAL CIRCUITS 
GROUND CONNECTIONS. On three-phase systems, the ground wire 
must have a carrying capacity equal to that of any one of the three mains. 

15e. If/. GROUNDING LOW-POTENTIAL CIRCUITS. GROUND 
CONNECTIONS. The ground wire must, except for Central Stations 
and transformer sub-stations, be kept outside of buildings as far as practi- 
cable, but may be directly attached to the building or pole by cleats or 
straps or on porcelain knobs. Staples must never be used. The wire 
must be carried in as nearly a straight line as practicable, avoiding kinks, 
coils and sharp bends, and must be protected when exposed to mechan- 
ical injury. 

Ground wires for central stations, substations and on 
aerial pole lines are ordinarily of bare wire. Insulated wire 
should {Rule 15c, ^I) be used for ground connections in all 
ordinary buildings. The ground wires are held to the walls 
of the building or to the pole with small pipe straps. Staples 
should not be used because in driving them they are likely to 
nick the wire, rendering it liable to breakage. Furthermore, 
the staples may be driven in too far and therefore weaken the 
wire or shear it partially asunder. Heavy galvanized iron 
wire, preferably stranded wire like that used for guying, is 
often used for pole-line grounds but is liable to corrosion. 
Sharp kinks, coils or bends should not be permitted in ground 
wires because these tend to increase the inductance of the 
ground conductor which greatly increases the opposition of the 
conductor to high-frequency static discharges due to lightning 
or to surges. Fig. 139 shows a method which has been suc- 
cessfully used in some localities of making a pole-line ground 
on a fire hydrant. 

15e. tl. Note.— GROUNDING LOW-POTENTIAL CIRCUITS. GROUND CON- 
NECTIONS. This protection can be secured by use of approved conduit or moulding, 
and as a rule the ground wire on the outside of a building should be in conduit or mould- 
ing at all places where it is within seven feet from the ground. 
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The protection of grotmd wires against mechanical Injury 
may be effected by running the ground wire in iron pipe or 
conduit, or in molding, as shown in Fig. 139. If the ground 
wire is protected with iron pipe or conduit and constitutes a 
ground for a lightning arrester the wire should be electrically 
connected to the pipe by soldering it thereto or by driving in a 
metal wedge at the top. The reason for this is that if the wire 
is not electrically connected to the pipe the pipe increases the 
inductance of the wire, but if the pipe and wire are electrically 
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connected together the pipe thus becomes part of the elec- 
trical path and this objection disappears. Fig. 140 illustrates 
a groimd point and a ground cap whereby the ground wire is 
connected electrically to the top of the pipe by means of the 
special cap. 

15/. f/. GROUNDING LOW-POTENTIAL CIRCUITS. GROUND 
CONNECTIONS. The ground connections for Central Stations, trans- 
former sub-stations, and banks of transformers must be permanent and 
effective and must include all available underground piping systems 
including the lead sheaths of underground cables. 

The grotmd connections for central stations should connect 
to all grounded metal work within the station so that no por- 
tion of this grounded metal work can become charged to a 
higher potential above ground than the other portions. If 
the different components are not electrically connected there 
is a possibility of one component attaining a higher potential 
than another which might cause an electric arc between 
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them, and a fire. Furthermore, there will be danger of an 
electric shock to an attendant who touches two conducting 
members at different potentials. Figs. 64 and 65 illustrate 
central-station grounding installations which interconnect 
all available grounded metal work. 

15g. 1[/. GROUNDING LOW-POTENTIAL CIRCUITS. GROUND 
CONNECTIONS. For individual transformers and building services, 
the ground connection may be made as in Section /, or may be made to 
water piping system running into buildings. 

15g. 1[//. GROUNDING LOW-POTENTIAL CIRCUITS. 
GROUND CONNECTIONS. With overhead service, this connection 
may be made by carrying the ground wire into the cellar and connecting 
on the street side of meters, main cocks, etc. 

15g. VI L GROUNDING LOW-POTENTIAL CIRCUITS. 
GROUND CONNECTIONS. Where the service enters the cellar or 
basement, this connection may be made by carrying the ground wire 
through the cellar or basement and connecting as above. 




Fig. 141. — Method of grounding an underground-service-entrance 
neutral. (The arrangement of the switch shown above might be im- 
proved. See Fig. 201.) 

The ground connection to a neutral of an underground 
service is shown in Fig. 141. The ground wire is connected 
to the water pipe on the street side of the meter, so that if the 
meter is removed the ground connection will remain intact. 
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15g. VV. GROUNDING LOW-POTENTIAL CIRCUITS. 
GROUND CONNECTIONS. Where the ground wire is run through 
any part of a building, unless run in approved conduit, it shall be protected 
bypjorcelain bushings through walls or partitions and shall be run in 
approved moulding, except that in basements it may be supported on 
porcelain. 

15g. W' GROUNDING LOW-POTENTIAL CIRCUITS. 
GROUND CONNECTIONS. Connections should not be made to pip- 
ing systems which have cement joints, but should only be made to com- 
plete metallic pipe systems. 

Ground connections should not be made to piping systems 
which have cement joints becauss the resistance of such a 
piping system may be very high. In cases where the cement 
has fallen away from the joints in an old piping system of this 
character the resistance of one of the pipe joints may be so 
high that the joint practically constitutes an "open'' in the 
circuit. 

15(7. IF. Note.— GROUNDING LOW-POTENTIAL CIRCUITS. GROUND 
CON'NECTIONS. In connecting a ground wire to a piping system, the wire should 
be sweated into a lug attached to an approved clamp, and the clamp firmly bolted to the 
water pipe after all rust and scale have been removed; or be soldered into a brass plug 
and the plug forcibly screwed into a pipe fijtting, or where the pipes are cast iron, into a 
hole tapped into the pipe itself. For large stations, where connecting to underground 
pipes with bell and spigot joints, it is well to connect to several lengths, as the pipe joints 
may be of rather high resistance. 

Earth connections or connections to ground are usually 
made by connecting the ground lead to either: (1) A water 
pipe by means of a ground clamp, Fig. 294, or by clamping 
it to a plug screwed into a pipe fitting or into a hole drilled 
and tapped in the pipe. Fig. 142. (2) A copper or cast-iron 
plate buried in permanently damp earth or in a prepared bed, 
Figs. 62, 64 and 66. (3) A metal pipe or tube driven into the 
ground down into permanently moist earth, Figs. 63, 143, 
144 and 145. (4) A metal bar or stake driven into the ground 
down into permanently moist earth, Fig. 155. Frequently 
effective ground connections can be made by joining the 
ground lead to flumes, penstocks (Fig. 65) or the steel rails of 
a railroad system. 

To make a ground connection on a water pipe, an approved 
ground clamp (Fig. 294) should be used or a special brass 
plug, Fig. 147, screwed as illustrated in Fig. 142 into a tee 
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Fio. 142. — Ground connection to 
water pipes. 




Fia. 143. — Connection between 
different pipes of a multiple-pipe 
ground. 



i'lo. 145. — Iron-pipe ground con- 
nection with rock-salt filling around 

pipe. 
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fitting in the water pipe as shown at A, or into a hole drilled 
and tapped into the water pipe itaelf as at B. Sometimes the 
ground wire is Boldered directly to the ground pipe as shown 
in Fig. 146. It is obviously desirable to make the connection 
in the water main as at B, where possible, but where this ia not 
feasible it may be made in a 
service pipe which leads directly 
to the water main as shown at A. 
The connection should always 
be made on the street side of 





fit Ele»otioi 



FiQ. 146. — Showing a. ground Fia. 147.— Typical brass plug 
rod of pipe with charcoal packing for connecting ground leads ta 
around it. water pipes. 

the water meter. This provides probably the best and most 
effective ground connection where an extensive pipe system 
is available. In important installations, such as the ground 
connection for a central station, the ground lead should be 
connected to the piping system at several different points as 
shown in Fig. 64. 

16k. ^V. Note (Con'M.— GROUNDING LOW-POTENTIAL CIRCUITS. 
"3 CONNECTIONS. Where ground platea are used, a No. 15 Stubbs' fge 
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The ground-plate method of connection is now probably 
the most infrequently applied of all (in spite of the fact that 
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it has, as shown in the following table, a very low resistance), 
it having been superseded to a large extent by the ground-pipe 
method. Typical ground-plate installations are shown in 
Figs. 62, 64 and 66. A ground plate should always, if possible, 
be buried in permanently moist soil. Where it is possible to 
install the plate in the earth under the bank of a stream that 
never runs dry, the ideal condition will be attained. Merely 
sinking a metallic plate in the bed of a stream, particularly 
if it has a rocky bottom and if the water in the stream is pure, 
will not necessarily make a good ground connection. Pure 
water, contrary to the general belief, has a very high resist- 
ance. However, if this water is combined with metallic salts 
that usually are in solution in the earths, the conductivity 
of the combination is good. While a metallic ground plate 
buried in crushed coke or charcoal (Fig. 62), usually has a 
lower resistance than the ground afforded by a single pipe 
driven into the earth, it is probable that a multiple pipe con- 
nection, Fig. 65, affords a better ground than one ground plate. 

A charcoal or coke bed for a ground plate has the effect of 
increasing the area of the plate in contact with the earth be- 
cause the carbon is a good conductor and the granulated car- 
bon also acts somewhat like a sponge. It retains moisture 
and tends to maintain the adjacent earth in a damp condi- 
tion, thereby rendering its conductivity a maximum. 

The method of making a plate ground is shown in Figs. 
62, 64 and 66. A hole is excavated as near as possible to the 
location where the ground connection is to be made. Usually 
the excavation should be about 6 ft. long, 4 ft. wide, and deep 
enough to insure to a reasonable certainty that its bottom 
will always lie in a permanently moist stratum. Ordinarily 
such holes should be at least 8 or 10 ft. deep. The bottom of 
the hole is filled with a 2-ft. layer of crushed charcoal or pea 
coke, well tamped. The ground plate is then placed on this 
filler and covered with another 2-ft. layer of the granulated 
carbon. This layer should also be tamped. The excavation 
is then backfilled to the surface with earth. If common salt 
(sodium chloride) is mixed with the backfilling, the conduc- 
tivity of the earth will be increased. However, the salt will, 
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in time, dissolve and soak away into the earth. If the con- 
ductivity of the soil at the point where the ground is located 
is poor, provision should be made somewhat as suggested in 
Fig. 144, whereby the salt can be replenished and the high 
conductivity of the soil continuously maintained. 
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I- Ground Lead Soldered to Copper E- Ground Lead Riveted to Copper 
Plate ^^ Plate "^ 

Fig. 149. — Showing methods of connecting ground lead to^ground plate. 

Ground plates are shown in Figs. 148 and 149. The plates 
are usually made of No. 14 and 16 gage (approximately J^^e i^* 
and 3^0 ill- thick, respectively) sheet copper. Ribbed cast- 
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iron plates are, however, quite Batisfactory. Commercial 
aheet-iron plates should not be used because the ordinary 
commercial "sheet iron" is usually sheet steel and will corrode 
rapidly and waste away entirely. A ground plate should have 
an area on each surface of about 10 or 12 sq, ft,, that is, a total 
superficial area of about 20 to 24 sq. ft. 

The methods of connecting the ground leads to ground 

plates are shown in Figs. 148 and 149. In Fig. 148 slots about 

1 in. long are punched through the plate across its center 

line. The end of the ground wire, which has been previously 

stripped of its insulation and tinned, is threaded through 

the slots as shown and is then 

■''J'yf'^^' soldered to the plate. Both 

(id!i surfaces of the plate should 

<^^ be well tinned. The method 

pion of Spiral just described is probably the 

best one for connecting a lead 

to a groimd plate. The lead 

can be soldered to the upper 

face of the ground plate as 

shown in Fig. 149, /. Where 

a copper strap is used for a 

ground lead, it can be rivetted 

to the plate as shown in Fig, 

149, // and then soldered. 

A spiral sheet-copper 
ground plate is shown in Fig. 

150. Ground plates of this 
type have been employed to 

a certain extent by the telephone companies in the East, where 
it was desired to secure large superficial contact area within 
a small volume. These spiral plates are usually bedded in 
crushed coke or charcoal, unless the earth in which they are 
installed is very damp. 

15(1. HF. Note 1 Co n'f.l— GROUNDING LOW-POTENTIAL 
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The pipe earth-connection, Fig. 143, is made by driving a 
piece of wrought-iron pipe into the ground to such a depth that 
its lower portion will penetrate permanently moist soil. The 
pipe connection offers the cheapest method of making a ground 
where it is not possible to connect to a water piping system. 
At the same time, experience has shown that pipe grounds are 
very effective if properly installed. They have, however, the 
disadvantage that they should be inspected at intervals because 
iron pipe under certain conditions rusts away rapidly particu- 
larly at the ground line. Galvanized wrought-iron conduit may 
be used instead of pipe for making grounds of this character. 

The resistance of a pipe earth-connection varies about 
inversely as the depth of the pipe in the conducting stratum. 
Practically all of the resistance of the connection is concentrated 
in the immediate vicinity of the pipe. When preparing mul- 
tiple-pipe grounds, no two pipes of the system should be 
located closer together than 6 ft. Where the pipes are thus 
spaced the combined resistance of a multiple-pipe ground will 
vary inversely as the number of pipes composing it, that is, a 
two-pipe earth-connection will have one-half the resistance 
of a one-pipe connection, and eight pipes will have one-eighth 
the resistance of one pipe. The diameter of the pipe has, 
within reasonable limits, very little effect one way or other on 
the resistance of the ground. A 2-in. pipe ground will prob- 
ably have a resistance only 5 per cent, to 10 per cent, smaller 
than a ground made with a 1-in. pipe. A good earth-con- 
nection made by driving one pipe into the ground should have 
a resistance of less than 20 ohms. 

The size of pipe or rod to use for making grounds is a factor 
which admits of no absolute determination. As elsewhere 
suggested, the diameter of the rod or pipe does not greatly 
influence the resistance of the earth-connection, one way or 
the other. However, the rod or pipe must always be large 
enough to insure ample mechanical strength and so that it 
will not vibrate (see a following paragraph) excessively while 
it is being driven. A 1-in. wrought-iron pipe is usually satis- 
factory, but ^-in. and 3^^-in. pipe is sometimes used. In 
important installations, 2-in. pipe may be used. 
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The methods of connecting the ground lead to the ground 
pipe are shown in Figs. 146 and 151 to 153 inclusive. The sim- 
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Fia. 151. — Method ot connect- Fio. 152. — Method of connection 
nE to ground pipe where lead taps where ground lead is vertical. 

)tf horizontally. 

plest method is shown in Fig. 146, 
wherein the copper ground lead ia 
twisted around the ground pipe and 
soldered thereto. The portion of 
the pipe where the lead connects, 
and the lead itself, must be thor- 
oughly tinned prior to the solder- 
ing to prevent any possibility of 
electrolytic action. 

In soldering a copper wire to an 
iron pipe, the pipe should be filed 
until it is bright. It shall then be 
tinned by heating it, using salam- 
moniac as a flux and applying the 
solder. The end of the ground wire 
which has been previously tinned 

also is then wrapped around the pipe several times, the whole 

heated and the solder applied. 



ground pipe. 
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Th,e method of connecting a ground strap to a ground pipe 

is shown in Fig. 153. The strap is wedged within the pipe by 
a metal plug driven in the orifice. Then the plug, pipe and 
strap are soldered together. The ground lead can be connected 
to a pipe by means of a plate clamped between^ a couple of 
locknuts on the threaded end of a pipe as shown in the assembly 
of Fig. 144 and in the details of Figs. 151 and 152. Where 
the space is restricted it may be necessary to bend down the 
connecting plate as shown in Fig. 152, but under ordinary 
conditions it may be permitted to extend as shown in Fig. 151. 
A terminal lug soldered on the end of the ground lead provides 
an effective method of connection and permits the disconnec- 
tion of the lead if such may be necessary for testing.. All 
metallic parts that are thus in contact at the top of a ground 
pipe should be tinned to prevent electrolytic action. 

Galvanized awning fittings may be used in making connec- 
tions to ground pipes. 
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Fig. 154. — Galvanized awning fittings which may be used in making 

connections with ground pipes. 



Some of these standard fittings are shown in Fig. 154. They 
can be readily procured of galvanized iron and in special cases 
provide convenient attachment lugs. 

The distance to which to drive a ground pipe is determined to 
some extent by local conditions. The pipe should always go 
down far enough that its greater portion will always lie in 
permanently moist earth. As a general rule, a ground rod 
should be driven at least from 6 to 10 ft. into the earth and 
a greater penetration is often desirable. 

A ground rod or pipe should not be permitted to vibrate 
while it is being driven. If it does vibrate, it forces away the 
earth that surrounds it leaving an air space between the 
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metal and the adjacent soil as shown in Fig. 155, greatly 
increasing the resistance of the ground afforded by the rod or 
pipe. This difficulty is most likely to occur where the soil 
is moist. 

The earth around a ground rod should always be tamped 
after a rod has been driven, to correct for the vibration diffi- 
culties described above and to 
make the surrounding soil 
contact closely with the rod. 
That tamping will materially 
decrease the resistance of a 
ground is evident from tests 
(see Electrical World, Dec. 1, 
1910, page 1295). The resist- 
ance of the earth connection 
afforded by a ground rod may 
be 20 to 40 times less after 
tamping than before. 

Special points and caps for 
ground pipes may be purchased, 
whereby an ordinary length of 
pipe can be readily converted 
into a good ground pipe by 
screwing the point on its lower 
end and the cap on its upper end. With the Fargo point, illus- 
trated in Fig. 140, the ground wire is connected to the point 
by the wedge action of a conical, spUt, steel sleeve. It is 
carried down within the pipe to the point, as shown in the 
illustration. The provision of a point on the lower end of a 
pipe renders it easy to drive. A cap at the upper end of the 
pipe prevents the entrance of moisture and also effects an 
electrical connection between the ground wire and the pipe. 

Ground-pipe point and cap castings as supplied by the West- 
inghouse Electric & Manufacturing Company are shown in 
Fig. 156. The point is of galvanized malleable iron. The 
cap is of brass, with a lug, the hole in which is tinned, so that 
the ground wire can be soldered into it. Fig. 63 illustrates the 
appUcation of these fittings for a lightning arrester on a trolley 
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Fig. 155. — Showing how the 
vibration of a rod while it is being 
driven may decrease the area of 
contact of the rod with the earth. 
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line. In installing, the point is screwed on the ground pipe, 
which is then driven into the earth to a depth of 8 ft. or 10 ft. 
The cap is screwed on, and the ground wire soldered into it. 
In driving the ground pipe, a coupUng should be run on the 
thread on the top of the ground pipe, to prevent its mutila- 
tion. Where it is inconvenient to drive the ground pipe into 
the earth in one length, it can 

be divided into two or more j/D/amj/nnedHofe 

lengths. The first is driven Ground mre 

in, and then the second is \? \-vv 

joined to it with an ordinary <C^3]<§) ^^IH , 

pipe coupling. Where it is L— ^^^ ^hptTcfp^^ i^f ^ 
desirable to limit the possi- i-oround Pipe Pomf ir-eround Pipe Cap 

bility of tampering with the 

J . _t 'i . • Fig. 156. — Details of point and 

ground wu-e, where it joins ^ap castings for a ground pipe. 

the upper end of the ground (Westinghouse manufacture.) 
pipe, the ground pipe can be 

extended, for a distance of possibly 8 ft. from the surface of 
the earth, up to the side of a pole or building. 

A multiple- or distributive-pipe ground connection is in- 
stalled, as shown in Figs. 9, 65 and 143, where it is desired to 
obtain an earth-connection of minimum resistance. It con- 
sists of a number of individual pipe grounds connected in 
multiple. Obviously the resistance of two-pipe earth-con- 
nections in multiple is less than the resistance of one connec- 
tion and it follows that the greater the number of pipes con- 
nected in multiple, within reasonable limits, the less will be 
their combined resistance. Fig. 65 shows an example of a . 
multiple-pipe connection where 12 pipes driven into the ground 
around a station are all connected in mulitple by a conductor, 
encircling the building under the ground surface. The con- 
nections between the various pipe units may be made by using 
special connectors Uke those of Figs. 152 or 154, or a ground 
wire may be soldered to the tops of the different pipes as shown 
in Fig. 143. The portions of the pipes adjacent to the cop- 
per ground lead should be thoroughly tinned as should the 
ground lead itself, to prevent electrolytic action between the 
dissimilar metals. 
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The methods of improvmg the conductivity of pipe or rod 
earth-connections are illustrated in Figs. 144, 145 and 146. 
In Fig. 146 is shown a method described in The Factory 
Mutual Fire Insurance Rules under Rule 5c. It consists 
in digging a hole 4 ft. or 5 ft. deep around the ground rod, 
and filling it with crushed coke or charcoal about pea size. 
This is said to compensate in a measure for the lack of mois- 
ture that may sometimes be encountered. In Fig. 144 salt is 
packed around the upper end of the ground rod and water is 
poured on the salt. The salt solution percolates down through 
the soil around the rod, increasing the conductivity of the ad- 
jacent soil. This has the effect of increasing the contact area 
of the ground rod with the soil and decreases the resistance of 
the earth-connection. The salt should never be packed high 
enough that it will attack the point of connection between the 
ground lead and the pipe. Tests have shown that the resist- 
ances of pipe earth-connections can be very materially lowered 
by the application of a salt-and-water solution as above 
described. 

An iron-pipe ground with a rock-salt filling is illustrated 
in Fig. 145. Grounds of this type are described and recom- 
mended by G. H. Rettew, Electrical Engineer of the Poto- 
mac Power Company, in the General Electric Review for Sep- 
tember, 1915. In this article it is asserted that the average 
resistance of 100 ground connections of different forms and 
of various ages was found to be approximately 200 ohms. 
Obviously, an earth-connection having such a high resistance 
. cannot be very effective for secondary grounding. A connec- 
tion of the type illustrated in the figure has, it is claimed, the 
advantage of initial low resistance and of maintaining this low 
resistance permanently. The average resistance of 250 
grounds of this type was 15.7 ohms each. The feature is a 
rock-salt filling which, when dissolved, permeates the soil, 
increasing its electrical conductivity. 

The directions for installing the salt-filled pipe ground are 
as follows: First a 2-in. wrought-iron pipe (outside diameter 
2^ in.) is driven into the earth (at the point where the ground 
connection is to be made) for a distance of 5 ft. It is then 
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withdrawn. The cylindrical cavity thus formed is filled with 
rock salt as shown in the illustration. Now a 12-ft. length 
of ^-in. galvanized-iron pipe is driven through the S-ft. salt 
stratum and about 5 ft. further down into the earth. The 
top end of the pipe which is mutilated by its being driven into 
the earth is then cut off and threaded. Now another length 
of 5i-in. pipe about 10 ft. long is connected with a coupling, to 
the length in the ground. A trench is then dug from the 
ground pipe to the pole and the extending length of pipe is 
formed into the trench and bent up the pole. It can be held 
thereto with pipe straps. The top end of the ground pipe 
will then be approximately 10 ft. above the earth's surface 
as shown. 

Obviously, the pipe driven into the earth must be located 
at least a couple of feet away from the pole to permit the turn- 
ing of the pipe-cutting and threading tools above referred to. 
To effect a connection with the ground wire, a brass coupUng 
of essentially the form shown in the picture is turned on the 
threaded end of the ground pipe. The copper ground wire 
coming down from the top of the pole is then soldered into the 
tinned hole provided for its reception in the coupling. It is 
claimed that an open coupling similar to that shown is pref- 
erable to a cap which encloses the end of the ground pipe, 
because the open coupUng permits some rain and moisture 
to enter the pipe so that it can flow down therein and increase 
the conductivity of the adjacent soil. It is stated that when 
the first length of pipe is driven into the ground a considerable 
quantity of salt remains within it. This salt is slowly dis- 
solved by the water which comes down inside of the pipe. 

Ground rods, Fig. 157, are sometimes used instead of ground 
pipes. They find their principal appUcation for grounds for 
telephone and other small lightning arresters. These ground 
rods are usually about 6 ft. long and J^ in. in diameter and 
therefore are not sufficiently heavy for ordinary electric light 
or power work. The conditions affecting their installation are 
essentially the same as those described in connection with the 
ground pipes as outUned in the preceding paragraph. It is 
obvious that a ground pipe will, for a given amount of material, 
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be longer and stronger than a solid rod. For this reason pipes 
are used more frequently than solid rods. 
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Fig. 157. — Details of typical ground rod. 

Resistance op Different Types op Ground Connections 

From Report of Committee on Transmission and Distribution of 
Electrical Energy of the Ohio Electric Light Association, Electrical 
World, Nov. 13, 1915, page 1088. 



No. 



Description 



Ohms 



1 
2 

3 

4 

5 
6 

7 
8 

9 

10 
11 
12 



10 lb. scrap copper set 6 ft. deep, surrounded by 10 lb. coke 
Copper plate, 5 ft. by 3 J^ ft., set 4 ft. deep, surrounded by 

2 ft. crushed coke 

One 9-ft. length 1 J^-in. black iron pipe driven 6 ft. in solid 

earth 

One 9-ft. length 1 J^-in. galvanized-iron pipe driven 6 ft. in 

solid earth 

One 12-ft. length IJ^-in. black iron pipe driven 9 ft. in 

solid earth 

One 12-ft. length 1 J^-in. galvanized-iron pipe driven 9 ft. 

in solid earth 

Two 9-tt. lengths %-in. galvanized-iron pipe set 6 ft. deep 

and coke tamped around pipes 

One 9-ft. length IJ^-in. galvanized-iron pipe set 6 ft. deep 

and coke tamped around pipe 

Perforated metal cone 18 in. long, filled with charcoal, 
buried 6 ft. in 2 ft. of coke 

Patented type of driven ground pipe 

Patented type of set ground connection 

Connection to city water system at faucet placed about 
100 ft. from test grounds 



14.2 

5.6 

25.1 

24.5 

14.8 
18.4 
15.2 
26.7 



14.4 
19.5 
11.7 

00.44 
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Questions. Class B 

43. Why should constant-potential lines having a voltage of over 5,000 be carried no 
closer to adjacent lines than the distance equal to the height of the taller pole line? 

44. What are the smallest sizes of wires permissible in trolley line construction? 

45. What provisions should be made with constant-potential pole lines (over 5,000 
volts) to reduce the possibility of breakdowns in the lines? 

46. What kind of insulation is acceptable for outdoor line wires? 

47. In direct-current, three-wire systems, of what sise must the gound wire be at 
central stations? What size in alternating-current systems? 

48. Under what conditions may transformers be attached to the sides of buildings? 

49. What is a ground plate? How is it installed? 

50. What is a drip loop? Where should it be used, and why? 

51. What are the requirements affecting the grounding of the neutral wire of a direct- 
current three-wire system at (a) central stations, (h) underground systems, (c) overhead 
systems? 

52. Name and describe several approved methods of attaching ground wires to piping 
systems. 

53. What is an end-insulator guard and under what conditions is it used? 

54. State several precautions which must be taken when supporting line wires. 

55. When a ground wire or ground connection is inside of or attached to a building, 
what are the specifications governing the selection and sise of such a ground wire? 

56. Why must the piping system to which ground wires are connected present a con- 
tinuous and complete metallic circuit? 

57. How must conduit runs carrying service wires be installed with respect to conduit, 
metal molding or armored cable runs within a building? 

58. How must ground wires be supported when attached to poles or sides of buildings? 

59. State briefly the important requirements governing the grounding of outside 
wires. 

60. What general rules must be observed in carrying high voltage constant-potential 
pole lines near buildings? 

61. What special requirements affect the installation of trolley wires, with respect to 
facilitating the work of firemen in the case of fire? 

62. What kind of insula>^ion from ground is required for trolley wires? 

63. Describe the type of insulator required for the support of outside wires exposed 
to the weather. 

64. What precautions against cross connections resulting from moisture must be 
followed when installing outside line wires? 

65. What is the maximum spacing distance between supports for outside line wires 
carried on the exterior of building walls? 

66. State the requirements governing the making of splices and joints in outside 
line wires. 

67. How may low-potential service wires be brought into buildings? 

68. State the requirements which affect the grounding of metallic sheaths of cables 
used in outside work. 

69. How are low-potential overhead-service wires grounded? 

70. How is the neutral wire of a direct-current, three-wire system grounded at the 
central station? 

71. What are the grounding requirements affecting the neutral of underground, 
direct-current, three- wire systems? Overhead systems? 

72. What type of ground connection is permissible for individual transformers? 
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(Including AU Work for Light, Power and Heat Protected by Service Cut-' 
out and Switch, For Signaling Systems see Class E) 

ALL SYSTEMS AND VOLTAGES 

General Rules 
16. WIRES. 

{See also Nos. 17, 18, 20, 26, 27, 44, 47 and 48. For construction rules see 

Nos, 49 to 57) 

16a. 1[/. WIRES. Must not be of smaller size than No. 14 
B. & S. gage, except as allowed for fixture work and pendant cord. 

Conductors smaller than No. 14 B. & S. gage should not be 
used in electric light or power wiring, except for wiring fix- 
tures and for flexible cords, because wires smaller than this 
do not have sufficient mechanical strength to insure them 
against breakage. Stresses are frequently imposed on the 
conductors of a wiring system after the system has been in- 
stalled and concealed by the walls and partitions of a building. 
Such stresses may be due to the warping or shrinking of 
timbers, to the settlement of buildings or to excessive vibra- 
tion. If a wire upon which voltage is impressed is broken, 
due to these strains, it might start a fire. Such a fire might, 
before discovery, gain considerable headway within a parti- 
tion or wall. 

Wires for fixture work (see discussion under Rule 30c, ^I) 
may be as small as No. 18 because such conductors are always 
protected within the metallic tubing of fixtures or within 
fittings, so that if they do break, damage would not be Ukely 
to result. Furthermore, the wires within fixtures are not ordi- 
narily drawn taut and therefore are not so liable to be subjected 
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to tensile stresses. See Rule 52 for specifications for approved 
fixture wire. 

Flexible cords should always {Rule 32gr, %I) be exposed and 
hang free in air and should not have extreme tensile stresses 
imposed on them. Furthermore, it is desirable from the 
standpoint of appearance that they be of small diameter. 
For these reasons, experience has shown that No. 18 gage 
flexible cord is on the whole reasonably safe and satisfactory. 
See Rule 51 for specifications for approved flexible cords. 

166. 1[/. WIRES. Conductors of size No. 8 B. & S. gage or over 
used in connection with solid knobs must be securely tied thereto. If 
wires are used for tying they must have an insulation of the same type 
as the conductors they confine. Split knobs or cleats must be used for 
the support of conductors smaller than No. 8 B. & S. gage. 

Insulators for interior electric wiring are ordinarily of porce- 
lain. Fig. 158 shows typical insulators of this material. 
Practically all of the porcelain fittings on the marjcet are now 
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made to conform with Code specifications and therefore will 
provide proper insulation if used for the services for which 
they were designed. The specifications and dimensions for 
porcelain tubes and bushings are given in Rule 61; specifica- 
tions for cleats in Rule 62; specifications and dimensions for 
knobs in Rule 64. 

Wires for light and power wiring should never be supported 
directly against the surface upon which they are carried. 
For example, the method of attaching a conductor directly 
to the supporting surface with staples as shown in Fig. 159 
has been shown by experience to be very unsafe and unsatis- 
factory. In the earlier days of electric lighting this method 
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was used and doubtless many fires resulted therefrom. If 
an attempt is made to support a wire to a surface with a 
staple, the staple will in practically every case cut through the 
insulation and may break the metal conductor. An electric 

arc can originate from such a 
condition which would ignite 
the insulation on the con- 
ductor. 

The method of tying a con- 
ductor on a solid knob is 
shown in Fig. 160. In mak- 
ing such a tie, the tie-wire is 
bent into a U-shaped form, then placed in the groove of the 
knob and its ends served around the conductor to be tied, as 
shown in the illustration. Such a tie should have at least 
three, and preferably four, "end turns." 

Tie-wires should have the same insulation as the wires 
they support to the knob for the following reasons: If bare 
wire, or a wire with thin insulation, is used for a tie it is liable, 
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Fig. 159. — An extremely unsafe 
method of supporting conductors. 
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when being served on the main conductor, to cut into the in- 
sulation on the conductor and damage it. If a bare wire is 
drawn up too tightly around the main conductor it may 
shear the conductor asunder. Furthermore, if the tie-wire 
is not insulated, or is thinly insulated, it may be twisted into 
contact with the metal of the main conductor and thereby 
provide a possible leakage path. A heavily insulated tie- 
wire is obviously not as liable to cut into the insulation of 
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the wire which it confines as would be a bare or Ughtly in- 
sulated wire, because of the greater outside diameter of the 
heavily insulated conductor. 

Split knobs should be used for intermediate supports for 
conductors smaller than No. 8, because if soUd knobs were 
used, tie-wires would be required. Experience has shown that 
the tie-wire method of attachment is unsatisfactory for small 
conductors, because there is a possibihty of a small main 
conductor being sheared off or strained when a tie-wire is 
served about it. Small diameter tie-wires would be used for 
supporting small-diameter conductors to knobs. Such tie- 
wires would be readily untwisted by the appUcation of a small 
force and then might permit the main wire to drop down on 





c ,^1^ u^ ,' *' Conductor 
roolidl Knobs- ^ 

l-Side Elevation II -Method of Serving Wire. 

Fig. 161. — ^Two solid knobs used for dead end for sustaining heavy- 
strain run. 

the supporting surface or pull away from the knob. Solid 
knobs, Fig. 158, 77, were formerly used for all work but now, 
split knobs are, m general, considered preferable for support- 
ing wires smaller than No. 8. 

The method of terminating a No. 8 or larger conductor on 
a solid knob at the end of a run is shown in Fig. 160, 777. 
Where the strain assumed by the conductor is severe, it is 
frequently desirable to use two knobs at the termination 
of a run as shown in Fig. 161. 

Strain insulators may be used at the terminations of heavy- 
conductor runs as shown in Figs. 162 and 163. Where the 
conductors are larger than say, possibly No. 6 and exposed, 
strain insulators provide the best method of termination. In 
the installation of Fig.. 162 a porcelain insulator held to an 
eye bolt set in the joist is used. This method is ordinarily 
applied only for medium-sized conductors, possibly those be- 
tween No. 6 and No. 0, B. & S. gage. Where larger conduct- 
ors are to be terminated, a composition strain insulator of 
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the type used in overhead line construction can be utihzed in 
combination with a cable clamp, as shown in Fig. 163, to pro- 
vide a very substantial and sightly installation. 



U- Detail of Strain Imulalor. 

Fig. 162. — Showing method of terminating a heavy-wire run on a porce- 
lain strain insulator. 

Split knobs or cleats are used for supporting conductors 
smaller than No. 8, B. & S. gage, because, as suggested above, 
the method of supporting them on solid knobs, which necessi- 



tates the use of a tie-wire, has not been satisfactory. With a 
split knob.^ig. 160, II and ///, the wire is clamped between 
the base and the cap of the knob and will be held securely, 
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provided the wire is not too large. Several satisfactory types 
of split knobs are obtainable. That shown in Fig. 160 is 
typical. 

Tie-wires and knobs do not provide a satisfactory support 
for large conductors in spite of the fact that the Code permits 
their application for this service. The weight of a lai^e con- 
ductor, or the longitudinal 
strains that it imposes often 
loosens the tie-wire and per- 
mits the conductor to sag 
down on the knob or to pull 
away from it. Fig. 164 indi- 
cates the most satisfactory ^m i64 - 
method of insulating such 
heavy conductors from their 

supporting surface. The wire may be held between two solid 
knobs, as indicated at the left of the illustration, or in a 
single-wire cleat of suitable proportions, as shown at the right. 
Fig. 162 also shows a heavy conductor supported in cleats. 

166. ^11. WIRES. Knobs or cleats which are arranged to grip the 
wire, must be fastened by either screws or nails. If nails are used, they 
must be long enough to penetrate the woodwork not less than one-half the 
length of the knob and fully the thickneas of the cleat, and must be pro- 
vided with washers which will prevent under reasonable usage, injury to 
the knobs or cleats. 

Either screws or nails may be used for fastening knobs or 
cleats. At one time it was considered best practice to fasten 
all knobs and cleats with screws, but it was then found that 
a great many knobs and cleats were broken, due to the screws 
being set up too tightly. Frequently the breakages would 
occur a considerable time after the screws had been driven, 
due possibly to expansion or contraction caused by heat, or 
to the swelling or warping of the wood. Such breakages have 
occurred within walls and partitions after the completion of 
the plastering. The wire originally confined by the knob was 
then permitted to sag uninsulated against the wood and plaster 
and thereby constituted a fire risk. If nails are used for sup- 
portin^f knobs or cleats, with a leather washer between the 
167 
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nail head and the porcelain as shown in Fig. 165, the breakage 
of porcelain is, so experience has shown, much decreased. 

Furthermore, the tendency of the average wireman is, if 
screws are used, to drive them in with a hammer so that they 
then exert but little if any more holding power than do nails. 
There are, however, certain conditions which necessitate the 
use of screws for supporting knobs or cleats. For example, 
if a knob or cleat is to be fastened to a relatively thin piece 
of wood, a nail will not hold it securely nor will a nail under 
these conditions have a hold in the wood equal to half the length 
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I-Nail Holding 5olid Knob S;- Nail Holding Cleat 

Fig. 165. — Showing applicstion of nails for securing cleats and knobs. 

of the knob, or equal to the thickness of the cleat, as it should 
have to satisfy the requirements of the above Rule 16fc, H//. 
Fig, 165, /, indicates the minimum permissible penetration for 
a nail holding a solid knob. In // the minimum permissible 
penetration for a nail supporting a cleat is shown. 

Leather washers are used to prevent injury to knobs or 
cleats. The washers lie, after the nails are driven, between 
the nail head and the porcelain. At Fig. 165, ///, are indi- 
cated the approximate dimensions of leather washers, or as 
they are sometimes called, leatherheads, ordinarily used in 
interior-wiring construction for knob-and-tube work. The 
outside diameter and the diameter of the hole are always 
approximately those shown in the illustration, but th^ thick- 
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nesses of the washers vary over a wide range because they are 
punched from scrap leather. Where the leather is thin, two 
or more washers should be packed together on one nail to 
form a suitable cushion. The thickness of such a leather 
cushion under a nail head should never be less than ^i in. 

16c. 1[/. WIRES. Must be so spliced or joined as to be both mechan- 
ically and electrically secure without solder. The joints must then be 
soldered unless made with some form of approved splicing device, and 
covered with an insulation equal to that on the conductors. 

The splicing of wires for inside work is effected in accord- 
ance with practically the same methods as are used for splicing 
outside conductors and as described under Rule \2e\ See 
the author's American Electricians' Handbook for further 
information relating to the splicing of conductors. 

16 c. 1[//. WIRES. Stranded wires (except in flexible cords) must 
be soldered before being fastened under clamps or binding screws, and 
whether stranded or solid, when they have a conductivity greater than 
that of No. 8 B. & S. gage they must be soldered into lugs for all ter- 
minal connections, except where an approved solderless terminal con- 
nector is used. 

The ends of stranded wire should be soldered into a solid 
bundle before being fastened imder binding screws or clamps. 
When the unsoldered end of a stranded conductor is placed 
in a terminal clamp and the screw is turned down, the small 
component conductors spread out and render difficult the pro- 
vision of an attachment that is mechanically secure and which 
has good electrical conductivity. On the other hand, if the 
strands are all soldered into a compact bundle, the clamp will 
grip it fairly and firmly. Practically the same difficulty occurs 
if an endeavor is made to fasten the unsoldered end of stranded 
wire under a binding screw. The binding screw, when it is 
set down, will force the unsoldered ends apart and may ''bite" 
into some of the small component conductors. Furthermore, 
it frequently occurs that where all of the strands of a conductor 
are not soldered together prior to being placed under a clamp 
or set screw that one or two of the strands may be forced to 
carry all the current and may thereby become dangerously 
overheated. 
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Wires larger than No. 8 should always be soldered into 
lugs at terminal connections, because this is the only method 
which provides a substantial connection. It is difficult to 
bend wires larger than No. 8 around binding screws and in 
bending them the binding screws may be strained. In set- 
ting a binding screw down on a heavy conductor which is 
bent around it, its threads, or the threads of the metal into 
which it turns, are often sheared. These difficulties are not 
likely to occur when terminal connections are made with lugs 
soldered on the ends of the wires. In soldering a lug on a wire, 
the insulation of the wire end should be trimmed back for a 
distance not greater than the depth of the hole in the lug. 



^..r.^'Uns/^hf/y Gap y,:Term ina/ lug ^^ ^^ 




\^ ^ 'insulated ^ ^ y' 
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Fig. 166. — Correct and incorrect methods of soldering lugs on conductors. 

It will then, when soldered into the lug, appear as shown in Fig. 

166, //. If the insulation is trimmed back too far there will 
be an unsightly gap exposing a section of the conductor be- 
tween the insulation on the conductor and the end of the ter* 
minal lug, as shown at /. 

16d. 1[7. WIRES. Must be separated from contact with walls, floors, 
timbers or partitions through which they may pass by non-combustible, 
non-absorptive, insulating tubes, such as glass or porcelain, except at 
outlets where approved flexible tubing is required. 

Wires passing through floors, timbers or partitions, should 
be insulated therefrom with porcelain tubes, as shown in Figs. 

167, 168, 169 and 170. Any substance other than an insulat- 
ing material, such as porcelain or glass, through which a wire 
passes must be considered as a possible conductor. For ex- 
ample, wood, when moist or wet, becomes a fairly good con- 
ductor as do masonry and most other building materials. 
It is for these reasons that holes should be bushed with a non- 
conductor. Porcelain bushings are used because — all things 
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considered—this is the most adaptable insulating material. 
If thorough insulation is not provided there ia always a possi- 
bility of current "leaking" from a conductor through damp 
woodwork or masonry to another conductor of opposite polar- 
ity which may or may not be grounded. Such current leak- 
ages have been known to cause fires and to "eat" the con- 
ductor in two due to electrolytic action. A conductor thus 



Fig. 167.— Methods of placing tubes in joiats. 

broken and upon which voltage is impressed may, obviously, 
originate a fire. Insulating tubes should always extend a 
distance of from H to ^ in. on both sides beyond the 
member that they bush. Furthermore, they should not ex- 
tend much farther than J!^ in. because of the Uabilifcy to break- 
age where the extension is too great. 

The methods of bushing conductor holes in joists with 
porcelain tubes are shown in Fig. 167. Where the conductor 
is of small diameter it ia usu- 
ally considered preferable to 
bore the holes for the tubes on 
a slant as shown on runs A 
and B in Fig. 167. Where 

this is done, the tubes should Pia. 168. — Masonry wall 
be inserted with the enlarged t-ushed with iron pipe, porcelain 

J . , , ,1 . !■ 7. tubes providing insulstioa. 

end at the upi>er outlet of the 

hole so that the enlargement will prevent the tube from slip- 
ping through the hole. The tubes should not be inserted as 
shown in run B with the enlarged ends at the lower open- 
ings of the holes because then their tendency is to fall out. 
When the tubes are inserted as in run A and the conductor 
through them is drawn taut, the bushings are held very firmly 
in position. 
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The usual practice with wiremen, however, when working 
in buildings under construction, is to bore the holes through 
joists at right angles to the faces of the joists as shown in Fig. 
167, C, because where this is done it is somewhat easier to 
insert the tubes and to thread the wires through them. Holes 
can also, where modern joist-boring machines are used, be 
bored more readily at right angles to the faces of the joists 
than on a slant. In boring holes in joists in finished build- 
ings which are being wired, the holes are ordinarily bored on 
a slant because then the wireman works from the floor above 
the space between the joists and it is then easier to bore holea 
on a slant than at right angles to the face of the joist. Where 
the conductor is of large diameter the tube holes and tubes 
should be in line with each other and perpendicular to the joist 
faces, because if they are not, it is difficult to thread the con- 
ductors through them. Furthermore, after the wires are 
threaded through, if the tubes 
are not in line and a strain is 
imposed on the conductor, 
some tubes are liable to be 
broken. Fig. 169 shows how 
a porcelain floor tube, especi- 
ally designed for the purpose, 
is applied. Where conduct- 
ors pass through a floor as 
shown, boxing should be in- 
stalled around them as de- 
scribed under Rule 26e, K//. 

16d. f/. WIRES. Bushings 
must be long enough to bush the Fig. 171.— Conductors protected 
entire length of the hole ia one by iron pipe passing through floor. 
continuous piece, or elae the hole 

must first be bushed by a continuous waterproof tube. This tube may 
be a conductor, such as iron pipe, but in that case an insulating bush- 
ing must be pushed into each end of it, extending far enough to keep 
the wire absolutely out of contact with the pipe. 

Bushings must be continuous through the entire length of a 
hole. This requirement is satisfied where one continuous 
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porcelain tube extends through a hole, as through the parti- 
tion in Fig. 169, or through the joist of Fig. 167. Where it 
is not feasible to bush the hole with one continuous length 
of porcelain the hole may be first bushed with a *' waterproof" 
(a piece of iron pipe) tube and this tube re-bushed with porce- 
lain as shown in Fig. 168 and 170, //. Where it is impossible 
to use a straight length of pipe, re-bushed with porcelain, it 
is permissible to bend the pipe as shown in Fig. 171, III and 
insulate the conductors which pass through it with flexible 
conduit, provided the location is dry. Where a wall is so thick 
that two tubes of the lengths available are not sufficient to 
bush the pipe through it as shown in Fig. 168 then a third 
piece of flexible tubing can be inserted in the space between the 
two tubes, provided the location is dry. 

16e. If/. WIRES. Where not enclosed in approved conduit, moulding 
or armored cable and where liable to come in contact with gas, water, or 
other metallic piping or other conducting material, must be separated 
therefrom by some continuous and firmly fixed non-conductor creating a 
permanent separation. Must not come nearer than two (2) inches to any 
other electric lighting, power or signaling wire, not enclosed as above, with- 
out being permanently separated therefrom by some continuous and 
firmly fixed non-conductor. The non-conductor used as a separator 
must be in addition to the regular insulation on the wires. Where tubes 
are used, they must be securely fastened at the ends to prevent them 
from moving along the wire. 

The Protection of Conductors against Accidental Contact 
with Pipes, Metallic Conducting Material, or Other Con- 
ductors. — The first sentence of Rule 16e, If/, specifies how con- 
ductors in dry places lying near pipes or other conducting 
material should be protected against contact therewith. The 
remainder of 16e specifies how conductors in dry places lying 
near other conductors should be protected. Rule 16/ indicates 
the protection that must be afforded conductors in wet places 
against contact both with other conductors and with metalUc 
objects. The three conditions just noted are discussed in 
following paragraphs. 

Methods of protecting conductors in dry places against 
contact with piping or other conducting material are illustrated 
in Figs. 172, //, 173, //, /// and VI. Either flexible tubing or 
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a porcelain tube may be used on conductors or wires for pro- 
tection in such locations. Porcelain tubes are preferable, but 
flexible tubing is frequently used, particularly where the wire- 
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Fig. 172. — Showing method of securing tubes on the conductors they 

protect. 

man fails to sHp a porcelain tube on the conductor before it 
is pulled into position. In this event he can spHt a length of 
flexible tubing longitudinally, snap it ar-ound the conductor 
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Fig. 173. — Methods of protecting conductors where crossing pipes. 

and tape it in place. Split porcelain tubes can also be used 
for this service, but usually they are not available. Either 
flexible tubing or porcelain tubes on a conductor must be 
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prevented from slipping, either by taping their ends to the con- 
ductor as shown in Fig. 172, //, or by placing knobs (or cleats) 
at either end of the tube as shown in Fig. 173, /// and IV. A 
water-pipe crossing is ordinarily considered a "wet place" 
regardless of where it is located in a building, because a water 
pipe is always liable to "sweat" and thereby saturate with 
moisture things that touch it. Gas and soil-pipe crossings are 
ordinarily considered as dry 
places unless they occur in a 
basement or bathroom or in 
some location which obviously 
is a wet place. 
Methods of protecting con- 

crossing. tact With other adjacent con- 

ductors which they cross are 
shown in Figs. 172, /, 174, 175 and 176. Note that if a 2-in. 
air space can be provided between the crossing conductors, 
additional insulating protection is not necessary. Ordinarily 
where conductors of opposite polarity or of different systems 
cross, it is necessary to put a tube on only one of the crossing 
wires as shown in Fig. 175. However, tubes are occasionally 



Fio. 175. — Porcelain tubes used 

for insulating cooductora at a 
crossing. 

applied as shown in Fig. 172, /. Flexible tubing is sometimes 
used for this service instead of porcelain tubes under conditions 
specified in the preceding paragraph and as shown in Fig. 174. 
However, porcelain undoubtedly provides the most effective 
insulation. Where large conductors, say those exceeding No. 
6, B. & S. gage, cross one another in exposed work, a crossing 
made as shown in Fig. 176, by forming a bend in one of the 
conductors at the crossing point, is ordinarily acceptable, 
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particularly if all of the conductors are substantially supported, 
as shown, by cleats. In any case, where flexible tubing or 
tubes are utilized for protecting conductors at crossings they 
must be securely held in proper position (Figs. 172, /, and 
175), either by cleats or knobs or by a tape wrapping. 

16«. If//. WIRES. Deviations from this rule may, when necessary, 
be allowed by special permission. 

16/. %I. WIRES. Must be so placed in wet places that an air space 
will be left between conductors and pipes in crossing, and the former must 
be run in such a way that they cannot come in contact with the pipe 
accidentally. Wires should be run over, rather than under, pipes upon 
which moisture is likely to gather or which, by leaking, might cause 
trouble on a circuit. 

Where conductors cross metallic objects or other conduct- 
ors in wet places a 2-in. air space should always be provided 
between the conductor and the 
object which it crosses, as shown 
in Fig. 173, / and 7, and in 
Figs. 177 and 178. Frequently, 
where it is diflEicult or impossible 
to provide this 2-in. air space. 




I- Plan View 



? /finimum 
Clearance 



g| Wo oden Casing 



;Floor 



C/eai.., 




Tube 




n:-Fron+ Elevation 

FiQ. 177. — ^Wiring around a pipe Fig. 178. — Method of carrying con- 
in a damp place. ductor around a vertical pipe. 

inspectors will accept crossings made as shown in Fig. 173, 
/// and y/, where porcelain tubes are placed on a conductor 
for its protection. 

Wires should be run over rather than under pipes subject 
to dampness (Figs. 172, // and 173, lY and 7) so that there 
will be minimum likelihood of the moisture from the pipe 
permeating the insulation on the conductor. However, in 
practice it often occurs that this rule cannot be followed 
rigidly. In such cases inspectors will frequently approve an 
12 177 
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installation, in accordance with the terms of Rule 16e, If/7, 
permitting the conductor runs under rather than over a damp 
pipe, particularly if in addition to the 2-in. air space required 
in damp places, porcelain tubing is used on the conductor 
for insulation. Where a conductor is to be protected from 
possible contact with a verti- 
cal damp pipe, a "bridge" 
may be arranged around it aa 
shown in Fig. 178. 

16b. V- WIRES. The inetaUa- 
tion of electrical conductora in 
moulding, or on insulators, in ele- 
vator shafts will not be approved, 
but conductors may be instolled in 
Buch ehafta if encased in approved 
metal conduits, or armored cables. 

Electrical conductors in 
elevator shafts should not be 
supported on insulators or in 
molding because experience 
has shown that wu-es uistalled 
in accordance with these 
methods are frequently dis- 
placed and sometimes short- 
circuited. Another objection 
to wooden molding is that it 
is likely to carry fire, if it is 
started, from the bottom of 
the shaft to the top because 
of its combustible nature and because of the strong drafts that 
frequently exist in elevator shafts. Conduit should be used 
as shown in Fig. 179 where it is desirable — and it frequently 
is — to install conductor runs in elevator shafts. 

16ft. \I. WIRES. In three-wire (not three-phase) systems, the neu- 
tral must be of eufScient capacity to carry the maximum current to which 
it may be subjected. 

Three-wire system neutrals are discussed under RuU 23o, 
UlII. Three-wire systems and the principles of their opera- 
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tion are described in the author^s American Electricians' 
Handbook. 

The size of the neutral wire in a three-wire system may be 
determined to some extent by whether or not the neutral is 
grounded. If the neutral is grounded, then no automatic 
cut-out (fuse or circuit-breaker) should be inserted in the 
neutral of any service wire, Rule 23a, 1[///. Now where there 
is no cut-out in a neutral wire it may, under conditions ex- 
plained under RulCj 23a, 1[///, have to carry the same current 
as either of the outside wires; hence the neutral wire of a 
grounded-neutral three-wire ^service should be the same size as 
the outer wires. Furthermore, Rule 236, If// specifies that 
a cut-out ''must not be placed in any permanently grounded 
wire," except (Rule 23d j IfF) in the wire of a two-wire branch 
circuit which connects to a grounded neutral and which 
serves lamps or other translating devices. 

In substance this means that the neutral wires of feeders, 
subfeeders and mains in grounded neutral systems must be 
the same size as the outer wires, for the same reasons given 
above. Where the neutral is ungrounded, it may be smaller 
than the outer wires, provided it is protected by suitable 
fuses which will Umit (in accordance with the values of Rule 
18) ''the maximum current to which it may be subjected'' 
to a safe value; see text under Rule 23a, HIII, for further in- 
formation relating to this matter. 

17. UNDERGROUND CONDUCTORS. 

17a. V. UNDERGROUND CONDUCTORS. Must be protected 
against moisture and mechanical injury where brought into a building, 
and all combustible material must be kept from the immediate vicinity. 

Underground entrances to buildings should be installed 
very carefully because frequently no fuses are provided in the 
entrance conductors where they connect to the mains in the 
street. Consequently a short-circuit between two of the en- 
trance conductors within the building or an accidental earth- 
connection between one of the conductors and ground (within 
the building) could create a dangerous persistent arc which 
might originate a fire, particularly if combustible material 
were in its vicinity. 
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176. \I. UNDERGROUND CONDUCTORS. Must not be so 
arranged as to shunt the current through a building around any catcbbox. 

A "catch-box" is a junction box of an underground system 
at which the underground mains or conductors are fused as 
shown in Fig. 180. Fuses were, it is said, in the pioneer days 
of the industry called "safety catches." Hence, a catch- 
box is a sort of fuse box. Consider the conditions of Fig. 180, 
This illustration ehowB a distribution panel, A, in a building 



"catch" 

(in the block in the center of the picture) which is served from 
underground mains. This distribution panel is fed by two 
services, one from D and one from B. They both connect to 
the bus-bars of the panel at C. If it happened that the fuses in 
the junction boxat Fi or Fi were blown, current from the source 
of energy G would feed toward E through the building via the 
route BCD. Now, if it so happened that for any reason the en- 
trance cut-out at H and / failed to operate, the conductors 
BCD might carry a current far in excess of that they were 
designed to serve, and a fire might, under these conditions, be 
started. Another dangerous feature of the arrangement shown 
in Fig. 180 is that a person not familiar with the fact that the 
building shown had two entrances, might open one entrance 
switch, that at /, for instance, thinking that he had discon- 
tinued service from the building whereas voltage might still 
be impressed on the bus-bars via the entrance B. 
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17c. If/. UNDERGROUND CONDUCTORS. Where underground 
service enters building through tubes, the tubes shall be tightly closed at 
outlets with asphaltum or other non-conductor, to prevent gases from 
entering the building through such channels. 

Underground entrance tubes to buildings should be closed 
at their ends in the buildings with asphaltum or cement, so 

that the gases that frequently exist in subways in underground 
systems cannot enter the buildings and cause explosions. 
Underground subways for electrical conductors are often 
''gassy/' that is, gas leaks into them from gas mains and it 
may, and frequently does, mix with just the proper proportion 
of air to form a very explosive mixture. Manhole heads are 
frequently blown off in cities due to this condition, the gas 
becoming ignited by an accidental electric arc between the 
underground conductors, or by some other means. 

17d, If/. UNDERGROUND CONDUCTORS. No underground 
service from a subway to a building, and no service from a private gen- 
erating plant shall supply more than one building, except by special per- 
mission, unless the conductors are properly protected by fuses and are car- 
ried outside all the buildings but the one served. Conductors in conduit 
or duct under two inches of concrete under a building, or buried back of 
two inches of concrete or brick within a wall are considered as lying out- 
side of the building. These requirements do not apply to factory yards 
and factory buildings imder single occupancy or management. 

18. TABLE OF ALLOWABLE CARRYING CAPACITIES OF WIRES. 

(For construction rules see Nos. 49 to 57) 

18. H/. TABLE OF ALLOWABLE CARRYING CAPACITIES OF 
WIRES. The following table, showing the allowable carrying capacity 
of copper wires and cables of ninety-eight per cent, conductivity, accord- 
ing to the standard adopted by the American Institute of Electrical 
Engineers, must be followed in placing interior conductors. 

The allowable or safe carrjring capacities of conductors are 

determined by the currents which these conductors will carry 
continuously, that is, for an indefinite period, without becom- 
ing so hot that they will injure their insulations or materials 
adjacent to them. Whenever a current of electricity flows 
through a conductor, heat is developed in the conductor. If 
the square of the current in amperes in the conductor be 
multiplied by the resistance in ohms of the conductor, the rate 
of heat development in watts will be the result. Note that 
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the heat developed varies directly as the square of the current, 
that is, if the current in any conductor be doubled the heat 
developed in that conductor will be increased four-fold. 

The safe-current-carrying capacities as given in tables, for 
example, in following Rule 18, must not be taken as values 
which cannot be exceeded. Such values should not, however, 
be exceeded; hence they are safe values rather than ultimate 
values. For example, the safe-current-carrying capacity of 
No. 14 wire (rubber insulation) is 15 amp. Now, if a current of 
20 amp., for example, be forced through No. 14 wire, nothing 
will happen except that the No. 14 wire will become warmer 
than it would with 15 amp. flowing through it. The chances 
are that if a current much greater than 15 amp. were forced 
through it continuously the heat developed would injure the 
insulation on the wire. Beginners frequently assume that 
the safe-current-capacity values of Rule 18 indicate the cur- 
rents in amperes which will fuse or melt the conductors of the 
different sizes, to which the values apply. This impression is, 
of course, erroneous inasmuch as it requires currents many 
times as great — possibly 10 or 12 times — ^as those shown in 
Rule 18 to melt in two or fuse copper conductors of the sizes 
there given. For example, it requires a current of about 180 
amp. to fuse or melt a No. 14 copper conductor, whereas the 
safe carrying capacity for this wire is, for rubber insulation, 
15 amp. A table is given in the author's. American Elec- 
tricians' Handbook showing the currents required to fuse 

wires of various metals and of different diameters. 

18. 1[//. TABLE OF ALLOWABLE CARRYING CAPACITIES OF 
WIRES. For insulated aluminum wire the safe carrying capacity is 
eighty-four per cent, of that given in the following tables for copper wire 
with the same kind of insulation. 

Safe -current-carrying capacities of altuninum wires are 

smaller than those for copper wires because an aluminum wire 
of a certain size has a greater resistance than a copper wire of 
the same size; hence the heat developed in an aluminum wire 
by the passage of a current is greater than that produced in a 
copper wire of the same size by the passage of the same current. 

Example. — Since, as above stated {RulelSj If//), aluminum 
wire may be assumed to safely carry currents 84 per cent. 
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as great as those allowable for copper wire, a No. 3, B. & S. 
gage weatherproof-insulation aluminum wire has a carrying 
capacity of 0.84 X 100 or 84 amp. Note that a No. 3 weather- 
proof-insulation copper wire has an allowable safe carrying 
capacity of 100 amp. 

18. Allowable Carrying Capacities op Wires — {Continued) 



B. dc B. Gage 
Number 


Diameter of 

SoUd Wire 

in Mils 


Area in 

Circular 

Mils 


Table A. 

Rubber 

Insulation 

Amperes 


Table B. 

other 

Insulation 

Amperes 


18 


40.3 


1,624 


3 


5 


16 


50.8 


2,583 


6 


10 


14 


64.1 


4,107 


15 


20 


12 


80.8 


6,530 


20 


25 


10 


101.9 


10,380 


25 


30 


8 


128.6 


16,510 


35 


50 


6 


162.0 


26,250 


50 


70 


5 


181.9 


33,100 


55 


80 


4 


204.3 


41,740 


70 


90 


3 


229.4 


52,630 


80 


100 


2 


257.6 


66,370 


90 


125 


1 


289.3 


83,690 


100 


150 





325.0 


105,500 


125 


200 


00 


364.8 


133,100 


150 


225 . 


000 


409.6 


167,800 


175 


275 






200,000 


200 


300 


0000 


460.0 


211,600 


225 


325 




• 


300,000 


275 


400 






400,000 


325 


500 






500,000 


400 


600 






600,000 


450 


680 






700,000 


500 


760 






800,000 


550 


840 






900,000 


600 


920 






1,000,000 


650 


1,000 






1,100,000 


690 


1,080 






1,200,000 


730 


1,150 




• 


1,300,000 


770 


1,220 






1,400,000 


810 


1,290 






1,500,000 


850 


1,360 






1,600,000 


890 


1,430 






1,700,000 


930 


1,490 






1,800,000 


970 


1,550 






1,900,000 


1,010 


1,610 






2,000,000 


1,050 


1,670 


1 mil = 0.001 in 

'i 


LCh. 
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The basis of the determination of the allowable carrying 
capacities of rubber-insulated wires is outlined in the Factory 
Mutual Book of Rules. It was demonstrated that if 
maximum life was to be obtained from rubber, its temperature 
should at no time be permitted to exceed 150®F. The carry- 
ing capacities Usted in Rvie 18 were originally based on experi- 
ments in 1889 by A. E. Kennelly. The allowable current 
values listed in Table A (rubber insulation) are about 60 per 
cent* of those which were found to produce a final temperature 
of 150°F. in wires of the sizes tabulated. Note that if 
room temperature of 75° be assumed, the rise in tem- 
perature for the final temperature of 150° is 75°. To provide 
a working margin, only 60 per cent, of the current that the 
experiment showed would produce this 150° final temperature 
was taken as the safe value. As the situation really stands, 
then, if the currents given in Table A flow in conductors of 
the sizes indicated the temperatures of the conductors will 
rise about 30°F. above the surrounding air. ^ 

The basis of the determination of the allowable carrying 
capacities of conductors with insulations other than rubber 
is essentially similar to that used for the rubber-insulated 
conductors. Insulations other than rubber will probably 
withstand, without damage, somewhat higher temperatures 
than will rubber and furthermore, '^ other insulated'^ conductors 
should never be concealed but should always be supported 
in the open on glass, porcelain, or other non-combustible 
insulating materials. Rubber-insulated conductors must often, 
for example in conduit or in metal molding, depend wholly 
on their rubber coatings for their insulation. For these 
reasons the safe-carrying-capacity values of Table B (insula- 
tions other than rubber) were taken as about 90 per cent, of 
the currents which were found by experiment to heat the wires 
to an ultimate temperature of 150°F. with a room temperature 
of 75°F. Hence on the basis outlined above the working 
margin for the conductors with insulation other than rubber 
is 10 per cent, of the ultimate safe value as against 40 per 
cent, for the rubber-insulated wires. 
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The ctirrent that will cause the insulation on a conductor 
to smoke is stated in the Factory Mutual Rules to be 
(approximately), for all ordinary insulations, three times the 
safe value given for the conductor sizes specified in Table A 
of Rule 18. 

The allowable capacity for wires for temporary exposed work 
is frequently taken in practice as equal to twice the allowable 
capacities as specified in Rule 18. 

Example. — If a No. 3 wire were used for temporary con- 
nections for making the test of an electrical machine it will 
carry, without excessive heating, twice the tabulated value 
(100 amp.) that is, 200 amp. It should be understood that the 
information in this paragraph merely recites what is sometimes 
done without authority and which is considered safe in practice. 
The rules of the Code do not permit allowable capacities 
tabulated under Rule 18 to be exceeded. 

The allowable carrying capacities of outdoor wires are not 

specifically indicated in the Code. The values of Rule 18, 
inasmuch as this rule falls within Class C of the Code, apply 
specifically to inside work. It is the usual practice, however, 
to so select conductors for outside wiring that the carrying 
capacity values of Table B, Rule 18 will never be exceeded. 

19. SWITCHES, CUT-OUTS, CIRCUIT-BREAKERS, ETC. 

19a. If/. SWITCHES, CUT-OUTS, CIRCUIT-BREAKERS, ETC. 
On constant potential circuits, all service switches and all switches con- 
trolling circuits supplying current to motors or heating devices, and all 
fuses, unless otherwise provided (for exceptions as to switches see Nos. 
8 c, 25 o and 43 a; for exceptions as to cut-outs see No. 23 a and 6), must 
be so arranged that the fuses will protect and the opening of the switch 
will disconnect all of the wires, that is, in the two-wire system the two 
wires, and the three-wire system the three wires, must be protected by the 
fuses and disconnected by the operation of the switch. 

It is usually desirable — ^theoretically at least — ^that switches 
and fuses control and protect all of the wires of the circuits 
which feed through them. The reason for this will be evident 
from a consideration of Fig. 181. Consider branch circuit 
AA which is fed from the mains through a single-pole switch 
D and fuse E, If an accidental ground occurred at B and 
another ground existed simultaneously at C, a short-circuit 
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would result as shown by the dotted arrows, even though the 
single-pole switch D were open. It is also obvious that even 
if D were closed the fuse E would not ''blow" and open the 
branch circuit under the short-circuit conditions just outlined. 
Furthermore, if there were an accidental ground at F on 
another branch circuit HK then the incandescent lamps on 
this branch (which is protected with a fuse in only one wire), 
would be illuminated regardless of whether switch Z)' were open 
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Fig. 181. — Showing why all wires of a circuit should preferably be fused 

and "switched." 



or closed. Now, if a branch circuit is protected with a fuse 
in each wire and controlled by a switch blade in each wire as 
shown at GG, then the conditions outlined above which are 
sometimes undesirable cannot occur. In practice it is not 
always feasible nor desirable to fuse and switch all of the wires 
of all circuits. The conditions under which such fusing and 
switching is not desirable nor required are noted in following 
paragraphs. 

The exceptions to the rule requiring a switch and fuse in 
every wire, that is, to Rule 19a, ^I, are as follows: 

(J) Rule 8c permits small motors of y^i h.p. or less capacity 
on circuits of voltages not exceeding 300 to be controlled with 
single-pole switches where the installation is not in a damp 
place. 
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(II) Rule 23a, ^III, specifies that a cut-out (fuse) must 
not be placed in any permanently grounded service wire. 

(III) Rule 23b, If//, specifies that the fuse must be omitted 
in any permanently grounded wire, except where a two-wire 
branch circuit is derived from a grounded-neutral three-wire 
system, in which case the fuse or cut-out must be inserted. 

(IV) Rule 24c, If/, specifies that single-pole switches may 
be used in inside wiring on constant-potential systems for the 
control of "two-wire branch or tap circuits supplying not more 
than 660 watts" provided the circuit does not feed an electric 
sign or is not located in a damp place. 

(V) Rule 25a specifies that heaters of 6-amp\ or 660-watts 
capacity or less may be grouped under the protection of a 
single set of fuses, provided the capacity of the fuses does not 
exceed 10 amp. A single-pole switch may then be used. 

A fused two-pole knife switch is shown in Fig. 182. This 
switch is fused at the "handle'' end and the fuse clips on it 
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Fig. 182. — A two-pole front-connected knife switch fused at the 

handle end. 

are of the type required to accommodate National Code Stand- 
ard inses of capacities of from Q-60 amp. (Rule 68). That 
is, they are of the ferrule-contact type. 

A three-pole knife switch fused at the hinge end is shown in 
Fig. 183. Switches of this type are used for controlling three- 
wire or three-phase circuits. The fuse contacts are of the 
type required for National Code Standard fuses of capacities 
of 61-600 amp. and are known as the "knife-blade^' contacts. 
The standard dimensions of these contacts are given in Rule 
68. The switch is shown in the illustration mounted on porce- 
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lain IcDobs which construction is frequently adopted for 
wiring installations in damp places, to maintain the switch 

as dry a 



I- End El evasion 
Fia. 183.— A three-pole 



A quick-break kaife switch is shown in Fig. 184. Where 
a knife switch of the type shown in Figs. 182 and 183 is opened 
under load there is always a 
tendency for an arc to form 
between the blades of the 
switch and the contact jawB. 
If the switch is opened slowly, 
these arcs may "eat" away 
the metal of the blades and 

I. Front View, I. Sectional COntactS. This WOUld ulti- 

EievQtion, mately cause a poor connec- 

FiG. 184.-Showmg. the construe- tjon. With a quick-break 
tioQ of & quick-break kiufe switch. , , ,„. , ^ 

switch (Fig. 184) an arc is not 
readily formed. The reason is, that when the main blade is 
opened slowly the auxiliary blade is held between the jaw con- 
tacts by friction until the main blade has been almost wholly 
opened. Then the spring will pull the auxiliary blade out so 
abruptly and rapidly that an arc will not, ordinarily, form. 

19o. 1//. SWITCHES, CUT-OUTS, CIRCUIT-BREAKERS, ETC. 
When installed without other automatic overload protective devices 
automatic overload circuit breakers must have the poles and trip coils 
so arranged as to aSord complete protection gainst overloads and short 
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circuite. In two- or three-phase three-wire circuits luid two-phase four- 
wire circuits there must be a trip-coil in each of two phases, and in four- 
wire three-phase circuits there must be a trip-coil in each phase. If a cir- 
cuit breaker is also used in place of the switch it must be so arranged that 
no one pole can be opened manually without disconnecting all the wires. 

Circuit-breakers should be so arranged that no one pole can 
be opened without opening all of the poles. Fig. 185 illus- 
trates the meaning of this requirement. For example, to open 
a circuit-breaker like that 
hiu/aiing showQ One must press up on 

the operating button. This 
disengages the trips restrain- 
ing both of the anus of the 
breaker which permits them 
to open, thus disconnecting 
both wires of the circuit. 
Fig. 186 illustrates the con- 
struction of a large-capacity 
circuit-breaker. No solenoid 
is necessary for the trip coil 
of this breaker. The heavy 
current, for which it is de- 
signed, in passing through the 
lower copper terminal stud to 
the laminated copper brush 
creates a sufficiently strong 
magnetic field in the iron U- 
shaped yoke which is mounted 
over the terminal stud to trip 
the iron armature. When the 
iron armature is drawn up the breaker opens. The different 
methods of mechanically interconnecting the arms and elec- 
trically interconnecting the trip coils of circuit-breakers, so 
that they will afford complete protection for the circuits with 
which they are associated, are so numerous that it is not 
feasible to consider them here, 

19a. f ///. SWITCHES, CUT-OUTS, CIRCUIT-BREAKERS, ETC. 
This, of course, does not apply to the grounded circuit of street railway 
systems. 



Fio. 185. — A medium-capacity, 
double-pole circuit-breaker (250 
volts, 200 amp. General Electric 
Company, type C, form G). 
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A single-pole circuit-breaker provides ample protecttoo 
for a grounded street railway circuit. The connections of 
this arrangement are shown in Fig, 187, from which it is ob- 



FiG. 186.— A heavy-current gOOO a 
circuit-breaker (General Electric 

vious, since the earth constitutes the return conductor, that 
nothing would be gained in so far as overload protection is con- 



Fio. 187. — Groimded street railway circuit. 

cerned if an additional breaker were inserted at jS, that is, in 
the ground lead. One side — usually the negative — of every 
street-railway circuit is then permanently grounded. 
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196. V. SWITCHES, CUT-OUTS, CIRCUIT-BREAKERS, ETC. 
Must, when placed where exposed to mechanical injury or in the im- 
mediate vicinity of easily ignitible stuS or where exposed to inflammable 
gases or dust, or flyings of combustible material, be mounted in approved 
cut-out boxes or cabinets, except oil switches, circuit breakers and sitnilai 
devices which have approved casings. 

Cut-outs and switches in dirty places or where subject to 
mechanical injury should be protected by suitable cabinets. 
It is obviouB that electrical fittings should be protected from 
mechanical injury, not only because of the defacement that 
may be caused thereby but 
also because such injury is 
likely to result in short-circuits 
or grounds which may originate 
fires. Fiu^hermore, switches 
and fuses in dusty, dirty, or 

linty places should be enclosed zS»aidi 

80 that the arcs that may form 

when fuses melt will not ignite £//?;» 

the finely divided material in "* fiasp 

the surrounding atmosphere. 
Fig. 188 illustrates a type of 

construction of a wooden Fio. 188. — A home-made wooden 
switch-and-cut-K>ut cabinet ca me . 

which is suitable for use in connection with knob-and-tube or 
cleat work. The top and the bottom of the box are pitched 
so that they will not collect dirt and dust and the door is 
hung at an angle with the vertical, so that it will tend to 
always remain closed. Conductors where they enter and 
leave the box pass through porcelain tube bushings and the 
back of the box is held away from the wall, leaving a free air 
space by mounting it on porcelain knobs. This insures that 
the box will remain dry even if the wall becomes moist from . 
rain beating against its outside surface. 

19b. VI- SWITCHES, CUT-OUTS, CIRCUIT-BREAKERS, ETC. 
Cabinets and cut-out boxes must be of metal when used with metal con- 
duit, armored cable or m^tal moulding systems. 

Metal cabinets and cut-out boxes should be used with 

flexible or solid conduit and metal molding systems to insure 
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the electrical interconnection of the conduit and the metal- 
molding systems. All components of such systems should 
be interconnected and thoroughly grounded as specified in 
Rules 28/ and 29d. Fig. 189 shows a typical, metallic 
switch-and-cut-out cabinet which satisfies these requirements. 
Metallic cabinets should be used even for knob-and-tube or 
open-work installations where 
the liability to mechanical in- 
y jury is considerable. That is, 

•.rOpen stcel cabinets should be used 
where they are located in ex- 
posed places in industrial 
, plants and mills. 
Bmhin^ Oil switches usually have 
dustpToof cases, as shown in 
. Fig. l&O. The illustration, 
though it shows a sraaU-capac~ 
ity oil switch, indicates con- 
struction that is fairly typical of all oil switches and oil cir- 
cuit-breakers. The welded steel tank contains the oil and is 
designed to hang from the top casting. It is held thereto by 



Supporting i 



I.TaokinPositio 

Fio. 190. — Showing how a. 



supporting bolts with which the tank can be drawn tightly 
up against the leather gasket glued to the lower face of the 
top casting. Dust and dirt are thus effectively excluded. 
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19c. 1[7. SWITCHES, CUT-OUTS, CIRCUIT-BREAKERS, ETC. 
Must, when located where exposed to moisture as in basements and simi- 
lar places, be mounted in approved cut-out boxes or cabinets, and when 
located in wet places or outside of buildings must be mounted in approved 
''weatherproof" cut-out boxes or cabinets. 

Approved metal cabinets should be used in damp places 

to protect switches and cut-outs. The reason for this is 
that wood, even if it is thoroughly impregnated with some 
waterproof compound, is liable, where exposed to continued 
moisture, to become saturated and thereby become a reason- 
ably good conductor. It is apparent then, that cabinets of 
metal, which is of course a conductor, are, in so far as insu- 
lation is concerned, about as good as wood. The metal 
cabinets have the further advantage that they are fireproof 
and that they will not warp out of shape and that the screws 
holding the cut-outs and switches to them will not loosen. 
The doors of metal cabinets can be so made that they will 
close tightly, thereby tending to exclude moisture. They do 
not warp and bind as wooden ones sometimes do. 

19d. If/. SWITCHES, CUT-OUTS, CIRCUIT-BREAKERS, ETC. 
Time switches, sign flashers and similar appliances must be of approved 
design and enclosed in approved cabinets, except sign flashers mounted 
as described in No. 836. 

Sign flasherSi time switchesi and similar appliances should 
always be moimted in cabinets (preferably in metal ones), 
because they are Uable to become disarranged and originate 
excessive arcs. In most of these devices there is some rotating 
part which frequently carries current and which is Uable, if 
a screw comes loose, or in case of other accident, to engage 
with some other metal part of opposite polarity and thereby 
make trouble. Furthermore, in these devices when they are 
operating there is nearly always a "drum" which is rotating 
and which pulls arcs at the different contactors several or 
many times each revolution. Such arcs, may, under certain 
conditions, unless the apparatus is properly enclosed, create 
fires or explosions. 

19e. If/. SWITCHES, CUT-OUTS, CIRCUIT-BREAKERS, ETC. 
Must have the spacing within cabinets or cut-out boxes between the wa]^ 
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of the cabinet or cut-out box and current-carrying parts of devices as 
specified in No. 70. 

Quetttons. Class C. (Gbnbbal) 

73. What provision must be made for insulating wires, not enclosed in approved con- 
duit, molding or armored cable, where they contact with conducting materials such as 
water, gas, or other metallic piping? 

74. Of what lengths must nails or screws be when used to attach (a) knobs, and (6) 
cleats? 

75. What is the current-carrying capacity of aluminum wire as compared with that of 
copper wires and cables having a conductivity of 08 per cent? 

76. How must conductors be installed when placed in elevator shafts? 

77. With what sjrstems of wiring must metal cabinets and cut-out boxes be used? 

78. What general requirements must be observed when installing switches and fuses 
controlling circuits supplying current to motors or heating devices? 

70. Excluding fixture work and pendant cord, what is the smallest sixe wire permis- 
sible for inside wiring? 

80. Under what conditions must lugs be used for making terminal connections? 

81. State the requirements governing the installation of wires crossing metallic pipes 
in wet or damp places? 

82. What is the object of the table of current-carrying capacities given under Rule 
18? 

83. Under what conditions must approved cut-out boxes be used as housings for 
switches? 

84. What kind of insulation or bushings must be provided when wires are carried 
through walls, partitions or timbers? 

85. State the important requirements controlling the installation of underground 
conductors where brought into a building. 

86. In interior wiring how must wires larger than No. 8 B. dc S. gage be supported? 
If smaller than No. 8 B. & S. gage, how must they be supported? 

87. Of what current carrying capacity must the neutral wire be in three-wire systems? 

88. Does the Code permit greater currents in wires having weatherproof and slow- 
burning insulation than in wires of the same sise having rubber insulation? If so why? 

80. What kind of wire must be used for a tie wire when a conductor u tied to an insu- 
lator. 

00. How should porcelain knobs be secured in place? 

01. What are the regulations governing the attachment of stranded wires to binding 
posts? 

02. How are underground service entrance tubes installed? 

03. Under what conditions may an underground service supply more than one 
building? ^ 

04. How should time switches be installed? 

05. What are the installation requirements governing sign flashers? 

06. Of what sise as compared with the two outside wires must the neutral wire be in 
direct-current three- wire systems? 

07. How should wire splices be made? 

08. How should wires be installed in iron pipe bushings when passing through walls? 
00. Of what sise must the neutral wire be in alternating-current three- wire systems? 
100. Under what conditions should solid knobs be used for supporting interior- 
wiring conductors? Explain. 
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CONSTANT-CXJRRENT SYSTEMS 



(Rules 20 to 22 inclusive) 
Principally Series Arolighting 

Constant-current systems will not be allowed inside buildings except 
by special permission. 

20. WIRES. 



{See also Nos. 16, 17, 18 and 44. For construction rules see Nos. 

49 and 50) 

In constant-current series lighting systems the hghting de- 
vices are all connected in series or tandem as shown in Fig. 
191. The current in such a series circuit may be impelled 
by either a direct-current series lighting generator, or by an 
alternating-current constant-current Regulator. Series light- 
ing circuits are used extensively for exterior lighting. Modern 

Consian-f- Current Re^utaiorQn Series U^hHn^ Oenervior 




Stnes Arc Lamps 




^ Series Incandescent Lamps 

Fig. 191. — Series lighting circuits. 



Shunting 
^Sw/fc/t^ 



installations are almost invariably alternating-current, which 
means that in most cases the series lighting circuit is fed 
through a constant-current regulator. Either a constant- 
current regulator or a series lighting generator has the prop- 
erty of maintaining the current in the series circuit which it 
serves practically constant. 

Example. — Many series lighting circuits operate at 6.6 
amp., that is, the regulator or generator which feeds this 
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circuit is so designed that it will, within the range of its 
operation, maintain the current in the circuit at 6.6 amp., 
regardless of the number of lamps connected in series in the 
circuit. Obviously then, as more lamps are connected into 
the series circuit, the voltage impressed by the regulator 
or generator on the circuit is increased. As the number of 
lamps connected to the circuit is decreased, the voltage im- 
pressed by the regulator or generator decred,ses correspond- 
ingly. It is apparent then, that the voltage impressed on a 
circuit by a constant-current generator or regulator may be 
very high. The drop across an ordinary series arc lamp is 
in the neighborhood of 50 volts. Hence if 100 such lamps 
are connected in series in a circuit and current is impelled 
through them by a generator or regulator, the generator or 
regulator must impress 5,000 volts on the circuit. 

The currents used in constant-current lighting circuits have 
been standardized in this country. The following currents 
are used: 4.0, 5.5, 6.6, 7.5 and 10.0 amp. Probably a current 
of 6.6 amp. is used more extensively than the others. By 
6.6-amp. circuit is meant one, the current in which is at all 
times (within the limits of its capacity) maintained at an 
intensity of 6.6 amp. by the regulator or generator serving it. 

The disadvantages of constant-current systems for inside 
installations are that the voltages involved may be, and usu- 
ally are, excessively high, which engenders excessive fire risk 
and constitutes serious life hazard. 

Constant-ctirrent systems are seldom used for interior 
illumination. A number of years ago series arc lamps and 
series incandescent lamps were applied for inside Ughting, but 
multiple arc lamps superseded the series arc lamps and multi- 
ple incandescent lamps have now largely superseded multiple 
arc lamps, so that the application of series or constant-current 
circuits for interior wiring is now limited. Occasionally series 
tungsten incandescent lamps are used for interior illumination 
but inasmuch as, on the whole, results as economical and satis- 
factory and involving less fire risk, can be obtained by using 
multiple or constant-potential tungsten lamps, the series sys- 
tem is now seldom applied for inside service except in special 
cases. 

20a. 1[J. WIRES. Must have an approved rubber insulating covering. 
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Approved rubber insulation is required on interior conduct- 
ors in constant-current systems for the reason suggested 
above, namely, that the voltage between the conductors of a 
constant-current system and ground may be very high, which 
renders it imperative that the most effective insulation ob- 
tainable should be applied. Rule 50 outlines the specifica- 
tions for approved rubber-insulated conductors for different 
operating voltages. 

206. 17. WIRES. Must be arranged to enter and leave the building 
through an approved double-contact service switch, mounted in a non- 
combustible case, kept free from moisture, and easy of access to police 
or firemen. 

To cut a series lighting device out of circuit, a shimt is 
arranged around the device. For example, if the series light- 
ing circuit of Fig. 191 is in operation and it is desired to extin- 
guish the incandescent lamp, L, the closing of the circuit 
through the switch, S, would effect the desired result. The 
resistance of the switch would be so very much less than that 
of the circuit through the lamp, that, with the switch closed, 
nearly all of the current in the circuit would pass through it, 
and practically none would pass through the lamp. Then, 
to again illuminate lamp L, switch S would be opened. With 
lamp L shunted out of the circuit the total resistance of the 
series circuit is decreased by the amount of the resistance of 
lamp L and consequently a smaller voltage at the constant- 
current regulator or generator would force the constant cur- 
rent, on which the circuit operates (for example, 6.6 amp.) 
through the circuit. Hence, when lamp L was shunted out, 
the voltage impressed by the regulator or generator would 
decrease just enough so that the current in the circuit would 
be maintained at 6.6 amp. — if the circuit is a 6.6-amp. circuit. 
By closing the switch, S, the five incandescent lamps and the 
one arc lamp contained in the portion of the circuit ABB 
would be shunted out. Obviously a series circuit cannot be 
opened to extinguish any one lighting device in it, because if 
the circuit is opened all of the lamps in the circuit would be 
extinguished. 
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A. double-contact service switch should be provided at every 
point where a constant-current circuit enters a building. 
Such a switch has the same function as any service switch, 
that is, by its operation, the wiring system in the building 
will be entirely disconnected from the source of voltage. It 



fl>re 



Fio. 192. ^A aeries-circuit m 



le switch or cut-out. 



is of great importance that devices be provided whereby 
firemen can disconnect all wiring within a building from the 
outside circuits in case of a conflagration. 

A double-contact series-circuit service switch is illustrated 
in Fig. 192. The principle of its operation is illustrated in 




I-Si~;kh'On- 

Fig. 193. — Illustrftting the principle of 

Figa. 193 and 194. These diagrams show one particular type 
of switch, but indicate the general principle involved in all 
types. As outlined above, a constant-current regulator or 
generator tends to maintain the current in the circuit which it 
is feeding constant under all conditions, hence if a series 
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circuit is opened, the regulator or generator serving it will 

tend to drive the normal, current of the circuit (for example, 

6.6 amp.) through the extremely high-resistance "open." 

Thereby a very high voltage, probably several thousand volts, 

will be impressed across the open. When this occurs, a 

vicious persistent arc results. It is obvious that because of 

this, series-circuit service switches must be arranged so that 

they will disconnect the wiring inside of the building without 

opening the series circuit. Fig. 193, 7, shows the switch of 

Fig. 192 in such a position that the current from the outdoor 

series lighting circuit flows through the arc lamp and the two 

incandescent lamps in the building as shown by the dotted 

arrows. Now if the switch is 

thrown to the position of II, ^"'"" 5;v/«,j 

no current passes through the 

circuit in the building — it flows 

through the copper segment 

on the rocking disk as shown 

by the arrows. Note, from ,^^ 

Fig. 194 that as the switch is ^^ 

thrown from the position of I cmpv-StgnKnts "'^^ie^ 

to that of il the series circuit 

is at no time open, because the 

copper segment, B, constitutes 

a path between springs A and B, thus making a complete 

shunt around the interior wiring, before springs C and Z> are 

disconnected from the outside series circuit. 

20c. \I. WIRES. Must always be in plain sight, and never encased, 
except when rtqaired by this Department. 

Constant-current circuit wires should, in general, never be 
concealed. The voltages impressed on these circuits may be 
and are often so high that the conductors should always, 
in so far as possible, be in plain sight and subject to continual 
supervision. Obviously, where the wires must pass through 
floors and partitions it is necessary to conceal them for short 
distances. In such locations substantial porcelain bushings 
should be placed around the wires. j 
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20d. ^I. WIRES. Mugt be supported on glaaa or porcelain insula- 
toiB, which separate the wire at least one inch from the surface wired 
over and must be kept rigidly at least eight inches from each other, ex- 
cept within the structure of lamps, on hangei^oards or in cut-out boxes, 
or like places, where a less distance is necessary. 




Conaucfar 
Fia. 195. — Showing arrangement of running board for series lighting 
circuit. 



Constaut-ciurent circuit wiring is usually supported on 
porcelain insulators, which give the clearances between the 
wire and the surface wired over of at least 1 in., as shown in Fig. 



Fio. 196. — Protective boxii^ for series lighting conductors. 

195. In the TTiiited States it is the almost universal practice 
to use No. 6 wire for both interior and outside series lighting 
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circuits, because smaller wires, although they might carry the 
current in accordance with the tables of Ride 18 without 
excessive heating and without excessive drop, would be mechan- 
ically weak and unsafe. The No. 6 wires are usually tied to 
solid knobs with tie-wires. Sometimes cleats are used. 
While wires in low-potential systems may be carried as speci- 
fied in Rule 26h as close together as 2}/^ in. and }i in. from the 
surface wired over, experience has shown that it is desirable, 
because of the high voltages involved, to carry constant- 
current system wires no closer together than 8 in. and at 
least 1 in. away from the surface wired over. Where the 
knobs are supported on a plaster wall, it is always desirable 
to place under them wooden blocks or cleats as shown at 
A and A, Fig. 196, to prevent a side strain on a knob from 
forcing one side of it down into the plaster, which would, 
particularly if the knob is located at a comer, permit the wires 
to sag. 

206. If/. WIRES. Must, on side walls, be protected from mechanical 
injury by a substantial boxing, retaining an air space of one inch aroimd 
the conductors, closed at the top (the wires passing through bushed holes), 
and extending not less than seven feet from the floor. When crossing 
floor timbers in cellars or in rooms where they might be exposed to in- 
jury, wires must be attached by their insulating supports to the under 
side of a wooden strip not less than one half an inch in thickness. In- 
stead of the running boards, guard strips on each side of and close to the 
wires will be accepted. 

20e. If//. WIRES. These strips to be not less than seven-eighths of 
an inch in thickness and at least as high as the insulators. 



on sidewalls for series-circuit conductors may be 
arranged about as shown in Fig. 196. Such a protective cas- 
ing should always be provided where it is necessary to carry 
these conductors through or near the floor on the interior of 
a building. See Fig. 255 and accompanying description for 
specific information relating to the construction of protective 
boxing for low-potential circuits and general information con- 
cerning the construction of all protective boxing. 

Running-boards or guard strips for constant-current circuit 
conductors should always be provided where the conductors 
are carried across floor timbers. Fig. 195 shows one arrange- 
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ment of a running-board for this service. While the Code 
specifies a minimum thickness of 3^ in. for these running- 
boards they should not be less than % in. thick. (In Rule 166 
it is specified that a screw or nail holding a knob must pene- 
trate the wood a distance equal to one-half the height of the 
knob. It is apparent that to provide the 1-in. separation 
required between one of these wires and the surface, the knob 
for supportmg the wire must have a height greater than 1 in., 
in fact, such knobs are about 13^ in. high; hence to provide 
the minimum penetration specified under Rule 166 the run-» 
ning-board would have to be at least ^ in. thick.) Running- 
boards for these constant-current circuit conductors are of 
practically the same construction as those described under 
Rule 26e for low-potential multiple circuits, except that a 
greater clearance between wires and between each wire and 
the surface wired over is necessary with the series-circuit wires. 
Guard strips for series-circuit conductors can then be made 
as described under Rule 26e for low-potential circuits, except 
that for the constant-current conductors, the greater clear- 
ances which are specified above are necessary. 

21. SERIES ARC LAMPS. 

(For constntction of Arc Lamp see No. 74) 

21a. %L SERIES ARC LAMPS. Must be carefully isolated from 
inflammable material. 

216. 17. SERIES ARC LAMPS. Must be provided at all times with 
a glass globe surrounding the arc, and securely fastened upon a closed 
base. Broken or cracked globes must not be used. 

21c. If/. SERIES ARC LAMPS. Must be provided with a wire net- 
ting (haying a mesh not exceeding one and one-fourth inches) around the 
globe and an approved spark arrester (see No. 75), when readily inflam- 
mable material is in the vicinity of the lamps, to prevent escape of sparks 
or carbon or melted copper. 

21c. 1/7. SERIES ARC LAMPS. Outside arc lamps must be sus- 
pended at least eight feet above sidewalks. Inside arc lamps must be 
placed out of reach or suitably protected. 

21c. If///. SERIES ARC LAMPS. Arc lamps, when used in places 
where they are exposed to flyings of easily inflammable material, must 
have the carbons enclosed completely in a tight globe in such manner as 
to avoid the necessity for spark arresters. 

21c. If/F. SERIES ARC LAMPS. "Enclosed arc" lamps, havmg 
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tight inner globes, may be used, and the requirements of Sections 6 and c 
above would, of course, not apply to them. 

21d. If J. SERIES ARC LAMPS. Where hanger-boards are not used 
lamps must be hung from insulating supports other than their conductors. 

21e. ^7. SERIES ARC LAMPS. Lamps when arranged to be raised 
and lowered either for carboning or other purposes, shall be connected up 
with stranded conductors from the last point of support to the lamp, 
when such conductor is larger than No. 14 B. & S. gage. 

22. INCANDESCENT LAMPS IN SERIES CIRCUITS. 

Incandescent lamps on constant-current circuits, as herein- 
before suggested, are sometimes applied for inside illmnination. 
In modern series-circuit installations, gas-filled tungsten lamps 
are almost universally used. The series vacuum tungsten 
lamps have been almost entirely superseded and the carbon 
series lamps which were once extensively applied are no longer 
manufactured. 

22a. If/. INCANDESCENT LAMPS IN SERIES CIRCUITS. 
Must have the conductors installed as required in No. 20, and each lamp 
must be provided with an automatic cut-out. 

Each incandescent lamp must be provided with an auto- 
matic cut-out. While this rule applies specifically to interior 
Ughting installations, it is also the universal practice to provide 
every incandescent lamp in a series Ughting system with an 
automatic cut-out or an equivalent arrangement. 

The function of the automatic cut-out is to prevent an ex- 
cessive rise in voltage and a destructive arc across the terminals 
of the lamp when its filament breaks. As intimated above, 
an extremely high voltage is impressed across an open in a 
series circuit. Therefore, if the filament of a lamp which is in 
service, breaks, a great difference of potential is impressed 
across the break, creating an arc which is likely to originate 
a fire. 

The operation of the automatic cut-out can be understood 
from a consideration of Fig. 197, which shows a portion of a 
series circuit containing two lamps. The cut-out itself, C, 
Fig. 197, and 7F, Fig. 198, consists of two aluminum disks 
separated from one another by a leaf of thin silk or similar 
insulating material. One cut-out is provided for each lamp, 
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as shown at C, Fig. 197, and is inserted between a couple of 
spring clips with which each lamp is fitted, so that the silk 
insulating film is in shunt across the lamp terminals. Nor- 
mally no current passes through the film cut-out. The cur- 
rent passes through the lamp 
filament, which is in shunt 
with the cut-out, as shown at 
L, Fig. 197. However, if the 
filament of a lamp breaks, B, 
Fig. 197, a very high voltage 
is then impressed across the 
thin film of silk in the cut-out 
and the silk breaks down (is 
punctm-ed by the high voltage) 
as shown at D. The arc that 
forms through the silk at the 
instant of the break-down, 
melts a little of the metal of 
the disks, which bridges the 
minute gap, thus completing the circuit. The lamp B (Fig. 
197) is thereby shunted out of the circuit, but all of the other 
lamps on the circuit burn. 




C^f-OuK 

FiQ. 198. — Socket, receptacle and film cut-out for seriea incandeacent 

The details of an automatic cut-out device are shown in 
Figs. 198 and 199, which indicate the construction used by the 
General Electric Company. The silk veiling used for the 
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film, IV, Fig. 198, is very thin, probably less than J.foo in- 
thick. Its thickness has been exaggerated in the illustration. 
The veiling is cemented in place between the two aluminum 
disks with insulating varnish. 

Note (Figs. 198 and 199) that the arrangement of the 
contact springs is such that the series circuit is never opened 
when a lamp is being removed or replaced. Hence a lamp 
can be removed from a re- 
ceptacle and a film cut-out 
placed in its clips while the 
circuit is in operation. Fur- 
thermore, note from Fig. 199 
that an incandescent lamp ; 
can be unscrewed from a < 
socket without opening the 
circuit because as the lamp 
is- unscrewed, the spring S 
follows it down and closes the 
circuit at C before the lamp 
base is entirely out of the 
shell. The film cut-outs are 
usually designed so that they 
will break down when a differ- 
ence of. potential of 150 to 
200 volts is impressed across 
them. 

226. H/. INCANDESCENT 
LAMPS IN SERIES CIRCUITS. 

Must have each lamp suspended ln^a''ndesc7nf'Lamp 

from a hanger-board (see No. 73), Base 

by means of i%id tube. 



Fia. 199.^ — Socket for series incan- 
descent lamp. (General Electric 

Company.) 



Interior series incandescent 
lamps should be supported by 
a stem or tube, that is, they should be held up by a sort of a 
fixture arranged from a hanger board. The fixture should be 
so constructed that the entire weight of the lamp socket and 
accessories will be assumed by the stem. Then no appreciable 
stress will be imposed on the binding posts or lead wires. This 
provides insurance against breakage. Furthermore, the con- 
ductors to the lamp should be carried inside of the stem, 
which protects them from interference. 
205 
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22c. If J. INCANDESCENT LAMPS IN SERIES CIRCUITS. No 
electro-magnetic device for switches and no multiple-series or series- 
multiple system of lighting will be approved. 

Electromagnetic switching devices and mtiltiple-series 
or series-mtiltiple lighting systems fed from constant-current 
circuits should not be used because experience has shown that 
they not only are unreliable in operation, but that they may 
be the source of great fire hazard. See the author's American 
Electricians' Handbook for the definition of a series-multiple 
and a multiple-series system. 

22d. If/. INCANDESCENT LAMPS IN SERIES CIRCUITS. 
Must not under any circumstances be attached to gas fixtures. 

Series incandescent lamps should not be attached to gas 
fixtures, because of the great liability to accident that would 
result. Gas fixtures are always grounded on the gas pipes 
connecting to them. Furthermore, there is usually a consid- 
erable difference of potential between a constant-current 
lighting system and ground. Because of this, an arc is liable 
to occur if a charged series lighting circuit wire contacts with 
a grounded pipe even if the wire is insulated. On a gas fixture, 
such an arc might melt a hole in the pipe and ignite the gas. 

Questions. Class C. <Con8tant-curbent Ststbms) 

101. In hanging arc lamps, how far should they be suspended from the sidewalk or 
floor line? 

102. How should suspended arc lamps be supported? 

103. Under what conditions may constant-current systems be installed inside of 
buildings? 

104. How must series incandescent lamps be supported? 

105. State the requirements which apply to wires of constant-current systems entering 
or leaving a building. 

106. May such wires be encased or concealed? Explain why. 

107. State the provisions against fire hasard which must be observed when installing 
series arc lamps. 

108. How many series incandescent lamps be attached to gas fixtures? 

109. What special requirements afifect the installation of wires for constant-current 
systems when they cross timbers in cellars or are otherwise subject to interference? 

110. What are the minimum spacings permitted between wires of constant-current 
systems and between the wires and the surface wired over? 

111. How must these wires be protected when carried on side walls? 

112. What kind of conductors should be used with arc lamps which are arranged for 
raising or lowering for carboning and why? 
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^ CONSTANT-POTENTIAL SYSTEMS 

(Rules 23 to 48 inclusive) 

GENERAL RULES — ALL VOLTAGES 

(Rules 23 to 25 inclusive) 
23. AUTOMATIC CUT-OUTS (FUSES AND CIRCUIT.BREAKERS). 

{See also No. 19. For construction rules see Nos. 66 and 67) 

Automatic cut-outs shall be considered as '^ arcing devices/' 

that is, the fuses or circuit-breakers used for automatic cut- 
outs may under certain conditions of operation produce violent 
arcs. On the other hand, the arcs produced when one of these 
devices operates may be so small as to be of no consequence. 
To insure safety, however, it is always desirable to assume 
that the worst possible condition may occur and to adopt 
adequate precautions in manufacturing and installing auto- 
matic cut-outs to prevent the possibility of a fire being origi- 
nated by the action of these arcs. Note that the four para- 
graphs under Rule 23a relate specifically to the automatic 
cut-outs on service wires. 

23a. If/. AUTOMATIC CUT-OUTS (FUSES AND CIRCUIT 
BREAKERS). Must be placed on all service wires, either overhead or 
underground, in the nearest accessible place to the point where they enter 
the building and inside the walls, and arranged to cut off the entire cur- 
rent from the building. Departure from this rule may be authorized only 
under special permission in writing. 

A cut-out must, except as noted below be inserted in all 
service wires at the location where conductors enter a build- 
ing, as shown at B in Fig. 200. The function of such an 
''entrance cut-out'' is to insure that the conductors within 
the building will never be permitted to carry currents greater 
than those which they can, in accordance with the values 
of Rule 18, safely convey. 
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Example.— In Fig. 200, the conductors A extending from 
the service switch and cut-out are, in the installation shown, 
of No. 6 rubber-insulated wire. Now, referring to Rule 18, 
a No. 6 rubber-covered wire will carry, without excessive heat- 
ing, 50 amp., hence 50-amp. fuses are inserted in the entrance 
cut-out, as shown. The switch should be of at least 50 amp. 
capacity. Hence, if a current greater than 50 amp. flows 
for any length of time in the conductors marked A, the 50-amp. 
fuses will melt and open the circuit. It is obvious that fuses 
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Fig. 200. — Illustrating the application of automatic cut-outs for overload 

protection. 

smaller than 50 amp. may be used in this cut-out B, but that 
it would be unsafe to use fuses of greater capacity. 

23a. If/7. AUTOMATIC CUT-OUTS (FUSES AND CIRCUIT 
BREAKERS). Where the switch required by No. 24a is inside the 
building, the cut-out required by this section must be placed so as to 
protect it, unless the switch is of the knife-blade type and is enclosed in an 
approved box or cabinet, under which conditions the switch may be placed 
between the source of the supply and the cut-out. 

The entrance cut-out should be so placed that it will protect 
the entrance switch, as shown in Fig. 201. That is, the fuses 

208 



Class o 



INSIDE WORK 



or circuit-breaker should be between the entrance switch and 
the source of supply, or e.m.f. (unless the entrance switch and 
cut-out are enclosed in an approved cabinet, as shown in Fig. 
202). The reason why the cut-put should be between the 
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Fio. 201. — Showing correct and incorrect method of wiring awitches. 
(Note, Fig. 202, that switches fused at their hinge ends may be used if 
■-'-''--' --^-~n boxes.) 
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source of supply and the entrance switch is this: An entrance 
switch is frequently of the knife-blade type, and in any case, 
there is always the possibility of a short-circuit occurring be- 
tween the metal parts of opposite polarity of the entrance 
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switch. If the entrance cut-out is not inserted between the 
source-of supply and the switch, an enormouB current might 
flow through the service wires in case of such a short-circuit 
and through the entrance switch within the building because 
the cut-out in the street mains between the entrance switch 
and the source of e.m.f, might pass a very large current before 
operating. Where the entrance cut-out is between the source 
of supply and the switch, the cut-out will, if its capacity has 
been properly selected, operate before a dangerous current 
can flow through the service conductors or the short-circuited 
entrance switch. There are certain other requirements relat- 



FiG. 202. — Service switch and cut-out in iron box. (Switch is 
fused at hinge end and fuses do not protect switch, but this atraj^ement 
ia pennissible when a knife switch is' enclosed in an iron box as above 

shown.) 

ing to the installation of entrance cut-outs and switches which 
will be discussed in a following paragraph. 

Where the entrance switch is of the knife-blade type and 
enclosed in an approved cabinet the switch may be placed 
between the source of supply and the cut-out, as shown in 
Fig. 202. The reason why it is sometimes desirable to arrange 
the switch and cut-out as shown in Fig. 202 is detailed in a 
following paragraph. It is obvious that when both switch 
and cut-out are enclosed in an iron box, the possibility of a 
fire originating from a short-circuit across the switch blades is 
remote; hence there is, under these conditions, Uttle objection 
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to placing the switch between the source of supply and the 
cut-out. 

Where the service entrance switch is not inside of the build- 
ing the construction illustrated in Fig. 203, //, is ordinarily 
acceptable to wiring inspectors. With this arrangement, 
while the cut-out does not protect the switch, the switch is 
outside of the structure where it is accessible, and the cut-out 
is inside where it is protected from the weather. Where the 
entrance switch is inside of the building, the entrance cut-out 
should always protect the switch as shown at / unless the 
switch and cut-out are in an approved cabinet, as suggested 
in Fig. 202. 



Cah/nef h Protect Sm'fcfi 
from ttfs IVeat/ter \ 



Jery/ce 
Wires, 




1 -Cut-out (xr\d^ Switch Inside 
(Cut-out Protecting Jiv/tct?) 



n- Switch Outside, Cut-out Inside. 



Fig. 203. — Showing how an entrance cut-out should, if feasible, be placed 

so as to protect the entrance switch. 

23a. VIL AUTOMATIC CUT-OUTS (FUSES AND CIRCUIT 
BREAKERS). Must not be placed in any permanently grounded 
service wire. 

The fuse should be omitted from the neutral of a three- 
wire entrance cut-out if the neutral is grounded. (The per- 
manent ground on the neutral should be installed by the central 
station company on its mains in accordance with the require- 
ments of Rule 15.) A consideration of Fig. 204 will indicate 
that a short-circuit cannot be caused by a ground on the neutral 
of a grounded neutral three-wire system. 

Example. — In the illustration (Fig. 204) the neutral of 
the central station company's outdoor mains is permanently 
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grounded at Qp and at G'^. If now, an accidental ground, 
Ga, occurs on the neutral wire inside of a building, no current 
will flow through Gj because there is no appreciable difference 
of potential or voltage between Gp and Gj to impel a current 
between them, that is, between the permanent ground on the 
neutraJ of the outside mains and the accidental ground on the 
neutral of the interior wiring system. 

If, now, the accidental ground, Gi, remains on the neutral 
of the interior wiring system, and an accidental ground, 
G», occurs on one of the outside wires of the outdoor three- 
wire mains, a current might for an instant flow from the posi- 
tive wire of the mains via the path GaGa and along the interior 
wiring neutral ABC to the outdoor main neutral. However, 
this current would necessarily be relatively very small because 
the resistance of the path between Gj and Gp and G» and G'p 



Fig. 204.-^bowiiig why overload protection is not necessary in the 
neutral wire of a. grounded-Qeutral three-wire Hyatem entrance. (Note 
that it is not permissible to tap branch circuits serving translating de- 
vices directly to mains with unfused neutrals iinless fuses are inserted 
in both sides of the branch circuit. See Fig. 222 and discussion.) 

would be so very much less than that of the path around through 
Gi that practically all of the current would under these cona- 
tions flow through the permanent grounds on the main. This 
current would be so great that it would immediately operate 
the cut-outs {not shown) protecting the outdoor main and 
would discontinue it from its source of e.m.f. Service could 
not be restored until the accidental ground Gs was cleared. 

In fact one of the functions of the permanent grounds 
(Gp and G'p) which are installed in accordance with the 
directions given in Rule 15 is to insure protection against the 
flow of excessive currents in conductors under conditions 
similar to those just outlined. 

Now, assume that a ground Gi occurs on one of the outer 
wires of the interior wiring system of Fig. 204. (It is assumed 
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that the accidental grounds G» and d do not now exist.) 
Then a short-circuit current would flow via the route DF 
GiQ'p but if this current exceeded the capacity of the fuse 
F, that fuse would operate and open the circuit. It would 
be necessary to clear the ground Gi before service could be 
restored. Obviously, then, serious trouble cannot occur, 
even if the neutral wire is unfused, provided the neutral 
of the system is thoroughly grounded. Why it is important 
that the neutral remain electrically intact is explained in a 
following paragraph. 

Note. — As a rule all three-wire combination switches and 
cut-outs of the plug-fuse type have sockets for all three fuse 
plugs. Such a switch with cut-out is often used as a main- 
service switch. Rule 23a, K7//, requires that cut-outs must 
not be placed in any permanently grounded service wire. This 



means that the neutrals of three-wire (but not three-phase) 
service must be made "solid." To eliminate the neutral fuse, 
remove the center brass screw and washer from the middle fuse 

socket and remove the mica insulator also. Then, replace the 
brass screw and washer and there will be a "solid" electrical con- 
nection through the cut-out for the neutral wire. (M. Braun 
in Electrical Review.) 

What may occur if the neutral fuse is omitted from a three- 
wire entrance and the neutral of the ^stem is ungrounded 
is suggested in Fig. 205. Assume that there is an accidental 
ground Gs on one of the outer wires of the three-wire main, 
and assume that another accidental ground occurs as shown at 
Gi. A short-circuit current would flow via the path indicated 
by the dotted arrows. There being no fuse in the neutral 
at the entrance at E, a current might flow which would be 
of sufficient intensity to overheat the conductor XY and which 
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would not be great enough to operate the cut-out protecting 
the outdoor three- wire mains. 

Why the neutral wire should be of the same current- 
cairying capacity as the outers if the neutral fuse is omitted 
(and it must be omitted from service wires, Rule 23a, ^III, if 
the neutral is grounded) is shown in Fig. 206, IV. Where 




Fro. 206. — Illustrating effect of "unbalance" oa three-wire circuit. 

there is no load on one of the side circuits or where the fuse in 
one of the outer wires ruptures, the neutral wire of a three- 
wire circuit must carry the same current as the outer wire. 
It is apparent then that it should, if it is unfused, be of the same 
size as the outer wire to insure safety under such conditions. 
A neutral wire if it is ungrounded, may be smaller than the 
outers if it is properly fused, 
as shown in Pig. 207. It is 
apparent that, if the neutral 
wire is made smaller than the 
outers and is then so fused 
that it cannot carry a cur- 
_ rent greater than that allow- 
FiG. 207. — Three-wire circuit with able under the terms of Rule 
outers la^er than the neutral. ig^ it cannot be overloaded. 

Example.— In Fig. 207, the outside wires are No. 2 rubber- 
insulated conductors and each is protected by a 90-amp. 

fuse, since a No. 2 rubber-insulated wire has a safe carrying 
capacity of 90 amp. The neutral wire is No. 6, having a safe 
current-carrying capacity of 50 amp. and it is accordingly 
protected with a 50-amp. fuse. 
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It is always customary to use a neutral wire of the same 
size as the outer wires, where the outers are No. 6 or smaller. 
But where the outers are larger than No. 6 and the neutral 
ungrounded, it is considered good practice to use for the neutral 
conductor a wire having approximately two-thirds the cross- 
sectional area of the outers-; then the neutral fuse is selected 
of corresponding capacity. Sometimes where the neutral is 
ungrounded and where there is every assurance that excessive 
unbalance in the side circuits may not occur, the neutral is 
made one-half the cross-sectional area of the outers and is 
fused accordingly. 

It is essential that the neutral of a three-wire circuit remain 
electrically continuous in spite of the fact that when the loads 
on the side circuits of a three-wire system are balanced as 
shown in Fig. 206, /, the neutral carries no current. The 



+ *- 
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^It^/oyo/fj -^^n^ to Vol f J •* ^ ^ 

I - Branch Short Circuited n-Brcuich Short Circuited 

Neutral Closed Neutral Open 

Fig. 208. — Illustrating effect of a short circuit on a three-wire branch 

circuit. 

examples which follow show that when a three-wire circuit is 
loaded there is practically always some current in its neu- 
tral and they also indicate the importance of maintaining the 
neutral intact. 

Examples. — It is seldom that this ideal condition of Fig. 206, 
/, obtains. If one side circuit carries a load twice as great as 
that carried by the other, as at //, one of the outer wires will 
then carry twice the current that flows in the neutral and in 
the other outer wire. Similarly a greater unbalance will 
produce a condition of which that indicated at III is typical. 
If one of the side circuits has no load on it, as at /F, a condition 
which occurs if a side-circuit fuse blows, then the neutral 
wire will carry the same current as that in the outer wire 
which remains intact. If a short-circuit occurs on one of the 
side circuits of a fused three-wire circuit, as shown in Fig. 
208, /, the short-circuit current will take the path indicated 
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by the dotted arrows, and either fuse Fi or Ft, or both of the 
fuses, will operate and disconnect the circuit. If, however, 
the neutral of a system is open, as shown at // (due possibly 
to the omission of a neutral fuse) a pressure of 220 volts would 
be impressed on the group of lamps (or other receiving appara- 
tus) at B and they would, probably, be burnt out. 

2So. If/V, AUTOMATIC CUT-OUTS (FUSES AND CIRCUIT 
BREAKERS). In risks having private plants, the yard wires nia- 
ning from building to building are not considered as service wires, BO 
that cut-outa would not be required where the wires eater buildings, 
provided that the next fuae back ia small enough to properly protect the 
wires inside the building in question. 

Cut-outs may be omitted at the entrances of private-plant 
installations in which case the overload protection for the 
distribution circuits can be concentrated at the switchboard 
or aome other convenient location as shown in Fig. 209. For 



Flo. 209. — Showing how adequate overload protection may, in private- 
plant iiutallations, be provided at locations other than entrances. 

example, cut-out F protects the feeder CBA in Fig. 209, 
hence, a cut-out is not required at the point E where the feeder 
enters the building H. The function of an entrance cut-out 
is, as suggested in a preceding paragraph, to prevent the possi- 
biUty of an excessive current entering the interior wiring sys- 
tem. Where the energy is being supplied from a pubhc 
service corporation's mains (Fig. 210), it is imperative that a 
cut-out be placed at the entrance to each building because the 
fuses (F and Fi) protecting the street mains may be, and fre- 
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quently are, changed without regard to the carrying capacities 
of the entrance conductors in the buildings. In a private 
plant the possibility of thus overfusing entrance conductors 
is not liable to occur; hence in private plants cut-outs may be 
located as shown in Fig. 209, and as above described. 




FiQ. 210.- 



-Entrance protection in service wires from a public service 

company's mains. 



236. fJ. AUTOMATIC CUT-OUTS (FUSES AND CIRCUIT 
BREAKERS). Must be placed at every point where a change is made 
in the size of wire [unless the cut-out in the larger wire will protect the 
smaller (see No. 18)]. 

Where the size of wire of a circuit changes, a cut-out 
should be provided which will protect the smaller wire. This 



,J75'Amp. Fuses 




No.OOOmre' 



*70-Amp. 
Fuses 



f f 



Z5-Amp. Fuses 



Fig. 211. — ^Illustrating how an automatic cutrout (fuse ,or circuit- 
breaker) should be located where a change in wire size occurs. 

principle is illustrated in Figs. 200 and 211. By referring to 
Table A of Ry^le 18 of safe current-carrying capacities, it 
will be noted that the fuses in the cut-outs shown in each 
of these two illustrations have been selected of such capaci- 
ties that they will not pass currents greater than the con- 
ductors which are fed through them can safely carry. 
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Example. — In Fig. 211, the main AB is of No. 000 which 
has (rubber insulation) an allowable carrying capacity of 
175 amp., hence the fuses at E should be of a capacity not 
greater than 175 amp. There would be no objection to using 
fuses smaller than 175 amp. capacity for protecting this No. 
000 wire. If 175-amp. fuses are not large enough to carry 
the load fed through this No. 000 wire, a wire of larger size 
would have to be installed and then fuses of a greater carrying 
capacity could be used to protect it. Main BC is of No. 4 
wire; hence 70-amp. fuses are the largest ones through which 
BC should be fed because 70 amp. is the allowable (rubber 
insulation) current-carrying capacity of No. 4 wire. The 

main CD is of No. 10 wire, so 
25-amp. fuses may be used to 
protect it, since 25 amp. is the 
allowable carrying capacity of 
No. 10. If, in Fig. 211, 70- 
amp. fuses were used at B, then 
the fuses at B could be omitted, 
because 70-amp. fuses would, 
with a margin, protect BC and 
^^incandescenf Lamps' would obviously then protect 

Fig. 212.— Cut-out in a large ^^- I^^. o^ter words, a cut-out 
wire of such a capacitor as to pro- installation arranged as shown 
tect smaller wires feedmg from it. in Fig. 212 would be acceptable, 

since a cut-out in the larger 
wire protects the smaller one. Refer to Rule 18 for the 
allowable current-carrying capacities involved. 

236. 1[/7. AUTOMATIC CUT-OUTS (FUSES AND CIRCUIT 
BREAKERS). Must not be placed in any permanently grounded wire, 
except as called for in Section d. 

Fusing the Neutral Wire (Editorial, Electrical Review 
Apr. 17, 1915). — The insertion of a fuse in an electric circuit 
limits the load which may be placed upon that circuit and 
Umits the duration of a short-circuit between the two leads. 
It also serves to interrupt the circuit in case of a ground 
upon the portion protected, provided there is also a ground, 
intentional or accidental, upon some other portion of the cir- 
cuit having a potential substantially different from that of the 
first grounded portion. Except for the latter contingency 
it would answer just as well to fuse one as to fuse both leads 
of a two- wire circuit. It was formerly general practice to fuse 
all three leads of an Edison three-wire circuit, and this prac- 
tice is still common in many localities. If the neutral wire 
were not grounded it would be good practice, for the reason 
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indicated above. But with a grounded neutral there is no 
necessity for protecting the middle wire gainst grounds, 
and the fuses in the outside wires afford protection against 
short-circuits. In recognition of this fact the 1913 edition 
of the National Electhical Code permitted the middle 
wire of a three-wire system with grounded neutral to be 
continuous and unfused. The recent revision has gone a step 
further and made it mandatory to omit this fuse. 

This change is an excellent one. The neutral fuse is not 
only unnecessary but in certain conditions may actually 
introduce a hazard. The blowing of the neutral fuse may 
disconnect the middle wire of a portion of a system, resulting 
not only in unbalancing the voltages on the two sides of the 
system, but in case of a short-circuit on one side putting 
double voltage on the other side. This may not only injure 
lamps and other apparatus through overloading, but may 
heat some device to the point 
of creating a firehazard. Where 
the neutral wire has a separate 
ground connection on the load 
side of the fuse, the above can- 
not take place, but the result 
may be that the neutral current 
will take a return path through 
the ground connection. This 
is itself an undesirable condi- 
tion. Enghsh has been better 
than American practice on this 
point. In Great Britain general „ 
practice is to make solid con- P'"- , 213.-Fu«« onutted from 

... .1. .1 r neutral Wires of branch ciTcuitB. 

nection to the neutral, no fuse 

being introduced in this lead. For some time now grounding 
of the neutral wire on both direct and alternating three-wire 
systems has been mandatory in this country, and it is only 
logical to also make mandatory the omission of the neutral 
fuse. This is now a Code rule. 

The fuse in the neutral wire of any three-wire circuit 
must be omitted if the neutral is grounded, provided the 
circuit (as specified in Rule 23d) does not directly serve a 
small motor, heating device or incandescent lamp load; see 
also information under Rule 15. Fig. 213 illustrates the mean- 
ing of this requirement. 

In wiring cut-outs serving branch circuits fed from large 
mains the wiring is usually arranged as shown in Fig. 214, in 
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spite of the fact that it does not comply absolutely with the 
requirements of Rule 236, %I. In Fig. 214, No. 6 wire is used 
for the portion of the motor branch circuit BID which is pro- 
tected by the fuses, and it is also used for the short sections 
AB and CD which are not protected by the fuses. The reason 
why this construction is usually permitted is that the binding 
posts on branch circuit cut- 
outs do not ordinarily have 
sufficient strength to insure a 
substantial connection if an 
endeavor is made to connect 
large conductors to them. 
For example, it would prob- 
ably be difficult to make sub- 
stantial connections to the 
cut-out at BD if wire the 
same size as the main. No. 0, were used for the short taps 
AB and CD. For the same reason No. 14 wire is used for 
the short unprotected taps EF and GH through which the in- 
candescent-lamp branch circuit is fed. 

In wiring circuits as suggested in Fig. 214, one end of a short 
length of the small branch circuit wire is soldered to the large 






nnao 



Fig. 215. — Combination two-wire three-wire circuit. 



mains and its other end is connected to the branch cut-out 
terminal by an approved method. The unprotected lengths 
of the branch circuit wires should be carried by the most direct 
route to the cut-out and should be as short as possible. Obvi- 
ously, these unprotected leads should be very carefully 
located and installed in such a way that they will not be liable 
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to accidental short-circuits or grounda becauae of the fact that 
they are not adequately protected against overload. 

A combination two-wire three-wire circuit may be pro- 
tected against overload as illustrated in Fig. 215. Such an 
arrangement is frequently desirable where it is necessary to 
serve a 220-volt motor at the end of a long feeder and to also 
operate a llO-volt incandescent lighting circuit at the place 
where the motor is located. 

23c V. AUTOMATIC CUT-OUTS (FUSES AND CIRCUIT 
BREAKERS). Must be in plaio sight, or enclosed in an approved 
cabinet, and readily accessible. They must not be placed in the canopies 
or shells of fixtures. 

Branch circuit cut-outs should be so boated as to always 
be visible or should be installed in approved cabinets (Fig. 
216), If the cut-outs are not 
enclosed and are concealed, 
there is a possibility of a short- 
circuit or a ground in one origi- 
nating a hre which might gain 
considerable headway before 
discovery. The local wiring 
rules in some cities require that 
all cut-outs be located in ap- 
proved cabinets. As a general 
proposition it is beheved that 
it is always much safer to in- 
stall cut-outs in cabinets, unless 

the cut-out is of the Edison Fia. 2i6.-^witchMcpntrolling 
branch circuits grouped at a dis- 
plug type or of such construe- tribution cabinet, 
tion that practically all of the 

current-carrying parts of the cut-out are protected from ac- 
cidental contact by insulating materials. 

Cut-outs must always be located where readily accessible, 
so that they can with little effort be re-fused or re-set, if neces- 
sary. It is for this reason and also because of the danger of 
the parts of the cut-out contacting with a fixture that cut- 
outs should not be located in fixture shells or canopies. 
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In locations where there is inflammable dust, cut-outs 
should be enclosed in approved cabinets to prevent the ac- 
cumulation of the flyings around the conducting portions of 
the cut-outs. Further information relative to the construc- 
tion and installation of approved cabinets is given in Rule 196 
and under Rule 70. Fig. 216 illustrates typical construction 
for an approved steel cut-out cabinet. In addition to the 
cut-outs, branch circuit switches are also installed in this 
cabinet. 

23c. If//. AUTOMATIC CUT-OUTS (FUSES AND CIRCUIT 
BREAKERS). link fuses may be used only when mounted on approved 
bases which, except on switchboards must be mounted in approved cut- 
out boxes or cabinets. A space of at least two inches must be provided 
between the open-link fuses and metal, or metal lined walls or metal, 
metal lined or glass paneled doors of cabinet or cut-out boxes. 

Open-link fuses, Fig. 217, when they rupture because of an 
excessive current flowing in them, often "explode," creating 
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Fig. 217. — ^Link fuses of various forms. 

violent arcs, and throw incandescent metal about. It is 
evident, therefore, that such fuses should be so located and 
arranged that they cannot start fires when they "blow." 
Link fuses will give good satisfaction if they are installed as 
directed and are maintained by competent mechanics. They 
are well adapted, because of their low cost, for certain indus- 
trial-plant conditions. They should never be installed in 
residences, office buildings, stores, or in any location where 
they will be handled by any uninformed persons. Fig. 218 
illustrates an approved base for a link fuse, constructed in 
accordance with the requirements of Rule 70. Fig. 219 shows 
the arrangement and construction of a Unk-f use panel mounted 
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The steel door of the cabinet 



in an approved metal cabinet, 
is shown in the illustration. 

2M. 1i/. AUTOMATIC CUT-OUTS (FUSES AND CIRCUIT 
BREAKERS). Must be so placed that no set of small motors, small 
heating devices or incaadesceat lamps, whether grouped on one fixture or 
on several fixtures or pendants (nor more than 16 medium size or 26 can- 
delabra size sockets or lamp receptacles) requiring more than 660 watts, 
will be dependent upon one cut-out. 

In general, no "small-device" circuit should cariy a load 
in excess of 660 watts, that is, no circuit directly serving incan- 
descent lamps, small motors or email beating devices, should 
feed a load.of a wattage greater than 660. This is one of the 
most imi>ortant of the Code requirements. The intent of this 
rule is to insure the protection of the sockets, flexible cord. 
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Fig. 219.— Cutnaut cabinet and 

panel for link fuses. 

fixture wire and receptacles which are used on these circuits, 
against excessive overload. On a 110-volt circuit, this re- 
quirement is equivalent to specifying that no branch circuit 
to which small electrical devices are connected shall be pro- 
tected by a fuse having a capacity greater than 6 amp. How- 
ever, there are exceptions to this general requirement and fuses 
of capacities greater than 6 amp. may be used for the protec- 
tion of small-device branch circuits as outlined in flutes 25a, 
%I, and as noted in the last pari^aph. " Exceptions," Ruk 
23d, If/. 
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Furthermore, by thus limiting the allowable load on any 
branch circuit the number of incandescent lamps that can be 
extinguished by the "blowing" of a branch-circuit cut-out is 
minimized. Refer to Fig. 220. The branch circuit AB is of 
No. 14 wire, the smallest size allowable under the Code, except 
for flexible cord and fixture wiring. Now, No, 14 wire has a 
safe carrying capacity (Rule 18) of 15 amp. with rubber insula- 
tion and of 20 amp. with other insulations. Hence, on this 
basis, it might seem permisaible to protect this branch circuit 
AB with 15-amp. fuses (assuming it has rubber insulation). 
However, it should be noted that there are ordinarily connected 
to branch circuits serving incandescent lamps; heating, devices 



o^any in- 

and motors, No. 18 flexible cord {Rule 51) as at L, No. 18 
fixture wire {Rvle 52), sockets, single-pole switches and three- 
way and four- way switches. 

Now referring to Rule 18, No. 18 rubber-insulated conductor 
has a safe current-carrying capacity of only 3 amp.; hence it ia 
apparent that if the circuit AB were protected with a 15-amp. 
fuse, and a ground or partial short-circuit occurred in a No. 
18 flexible cord or fixture wire, the No, 18 conductor might be 
very heavily overloaded and heated excessively before the 
15-amp. fuse would blow. Furthermore, the small sockets, 
receptacles and single-pole switches used on these branch cir- 
cuits are not designed for carrying large currents or for 
rupturing any considerable amount of energy. 

It is apparent then, that the general ruling which hmits 
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"incandescent-branch-circuit cut-out fuses" to 6 amp. capacity 
is a wise one. In fact, continued experience has indicated that 
it is not desirable from any standpoint to exceed this 660-watt 
limit. Note that in the third paragraph of Rule 23d it is 
specified that medium size sockets and receptacles shall, ex- 
cept where used for sign or outline wiring, be considered as 
requiring not less than 40 watts each* 

Exceptions to the rule limiting incandescent-lamp branch 
circuits to 660 watts are as follows: 

1. Where No. 14 wire is carried direct into keyless-sockets 
installed as specified in Rule 23d j H//, 1,320 watts load (32 
sockets) may be dependent upon one branch cut-out. 

2. In theater outline and large chandeUer wiring which 
satisfies certain requirements, 1,320 watts may be dependent 
on one cut-out, as specified under Rule 23d, ^VII, 

3. Gas-filled incandescent lamps to a capacity of 1,320 
watts may be grouped under the protection of one cut-out, 
under certain conditions, Rule 35a. 

23d. If//. AUTOMATIC CUT-OUTS (FUSES AND CIRCUIT- 
BREAKERS)i. By special permission, in cases where wiring equal in size 
and insulation to No. 14 B. & S. gage approved rubber-covered wire is 
carried direct into keyless sockets or receptacles, and where the location 
of sockets and receptacles is such as to render unlikely the attachment of 
flexible cords thereto, the circuits may be so arranged that no more than 
1,320 watts (or thirty -two sockets or receptacles) will be dependent upon 
the final cut-out. 

Where No. 14 rubber-covered wire is carried direct into 
keyless sockets or receptacles, an incandescent-lamp branch 
circuit may serve a load of 1,320 watts, that is, 32 sockets or 
receptacles. Such a circuit may be arranged as shown in 
Fig. 221. By carrying the No. 14 wire direct into the sockets, 
the possibility of No. 18 fixture wire or lamp cord being in- 
cluded in the circuit is eliminated. Furthermore, since on 
these circuits keyless sockets must be used, a weak "link'' 
that exists in the ordinary lighting circuit, that is, the key 
socket, is also eUminated. A 110-volt circuit arranged in 
accordance with these requirements may be fused with 1,320 
watts -5-110 volts = 12-amp. fuses. No. 14 wire (Rule 18) 
has an allowable carrying capacity of 15 amp. 
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23d. VII- AUTOMATIC CUT-OUTS (FUSES AND CIRCUIT- 
BREAKERS). Except for signs and outline lighting, sockets and lamp 
receptacles will be oonaidered as requiring not less than 40 watts each, if 
of the medium size, or 2S watta each if of candelabra size. 



FiQ. 221(1. — Conduit wiring for an electric sign. 

An example of conduit sign wiring is shown in Fig. 221 A. 
The conductors feeding the sign are broi^ht to a point near 
it in conduit wMch terminates in an outlet fitting "^1." 
From this fitting the wires are carried to the sign. Pig tails 
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are provided in the conductors to afford a certain flexibility 
and to thereby tend to prevent the kinking and. breaking of 
the conductors. 

Ordinarily it is assumed that each medium-size socket or 
receptacle on an incandescent lighting circuit represents a 
load of 40 watts. It was on this basis that the specification 
of the first paragraph of Ride 23d, wherein 16 sockets or re- 
ceptacles are allowed on an incandescent Ughting branch cir- 
cuit, was determined. That is, 660 watts -5- 40 vxUts = 1Q}4- 
Since it is not possible to have a half a socket, the number of 
sockets for a branch circuit was limited to 16. Examples of 
sign and outUne lighting are shown in Figs. 221a and 376 
respectively. 

23d. VV. AUTOMATIC CUT-OUTS (FUSES AND CIRCUIT- 
BREAKERS). Receptacles for attachment plugs rated at not over 660 
watts each may be connected to ordinary branch circuits, and where so 
installed will be considered as requiring not less than 40 watts. Heating 
and other appliances rated not over 660 watts each may be connected to 
such receptacles only when the normal load in use on the circuit at any 
time will not exceed 660 watts. A cut-out must be provided for each 
receptacle rated above 660 watts. 

Heating device wiring is discussed imder Rule 25. Refer 
to this text for further information relating to the installation 
of these devices. 

23(i. IfF. AUTOMATIC CUT-OUTS (FUSES AND CIRCUIT- 
BREAKERS). All branches or taps from any three-wire system which 
are directly connected to lamp sockets or other translating devices, must 
be run as two-wire circuits if the fuses are omitted in the neutral or if the 
difference of potential between the two outside wires is over 250 volts, and 
both wires of such branch or tap circuits must be protected by proper 
fuses. 

If fuses are omitted from the neutral, incandescent-lamp 
branch circuits from three-wire mains must be run as two- 
wire circuits as shown in Fig. 2?2. (Note that, Rule 23a, 1[///, 
the fuse must be omitted from the neutral wireof any grounded- 
neutral main or feeder.) The wiring of I is incorrect be- 
cause the branch circuit is run as a three-wire circuit, in spite 
of the fact that the fuse is omitted from the neutral wire. 
The wiring of // in which a three-wire branch circuit is shown 
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is correct because the neutral of the mains and also the neutral 
of the branch are fused; fuses would not be permitted in the 
neutral shown if the neutral were grounded. The wiring of /// 
is also correct, indicating the proper method of tapping branch 
circuits from a three-wire main, having an imfused neutral. 
Where the neutral is unfused, only two-wire circuits can be 
tapped from a main and each of the wires of these two-wire 
circuits must be protected by its own fuse. Note also that if 
the voltage between the two outside wires of a three-wire 
circuit exceeds 250, incandescent-lamp branch circuits tapping 
from the three-wire main must be two-wire circuits, regardless 
of whether the neutral of the main is fused or unfused. 
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Fig. 222. — Methods of fusing branches or taps which serve translating 
devices and which feed from three-wire mains. 



23d. If 77. AUTOMATIC CUT-OUTS (FUSES AND CIRCUIT- 
BREAKERS). The above shall also apply to motors, except that smaU 
motors may be grouped imder the protection of a single set of fuses, 
provided the rated capacity of the fuses does not exceed 10 amperes. 

Small motors may be grouped under the protection of a 
single set of fuses if the rated capacity of the fuses does not 
exceed 10 amp. The words '^ the above'' {Rvle 23d, \VI) refer 
specifically to RvXe 23d, \I. In other words, this fifth para- 
graph of Rtjile 23d means that a number of small motors having 
an aggregate rating less than 660 watts may be grouped under 
the protection of one cut-out, provided fuses of a capacity not 
exceeding 10 amp. are used for protecting the motor branch. 
The use of 10-amp. fuses instead of the 6-amp. fuses ordinarily 
appUed for the protection of a 660-watt branch is justified 
in that the larger fuses provide a margin for the starting cur- 
rents of the small motors. With alternating-current motors 
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particularly, the momentary starting current may be consider- 
ably greater than the normal full-load running current. 

23d, 1(7/7. AUTOMATIC CUT-OUTS (FUSES AND CIRCUIT- 
BREAKERS). When 1,320 watts are dependent upon one fusible cut- 
out, as is allowed in theatre wiring, outline lighting, signs and large 
chandeliers, the fuses may be in accordance with the following table: 



125 volts or less. 

126 to 250 volts 



20 amperes 
10 amperes 



In wiring theater borders, large chandeliers and in out- 
line wiring the standard practice (see text imder Rule 38 for 
further information) is to carry No. 12 or No. 14 wire directly 
to porcelain sockets so that the weak ''links" that exist in 
ordinary incandescent lighting circuits will be eliminated. 
For this reason incandescent-lamp branch circuits serving 
theater borders may, on 125-volt circuits, be fused with 20- 
amp. fuses. This means that No. 12 wire would be used for a 
circuit so fused, inasmuch as the safe allowable carrying capac- 
ity of No. 12 wire is 20 amp. Where the voltage of the branch 
circuit exceeds 125, but does not exceed 250, the capacity of 
the fuses protecting it should not exceed 10 amp. that is, for 
such a circuit, No. 14 wire, which has a safe carrying capacity 
{Rule 18) of 15 amp., would be used. 

In wiring for outline lighting {Rule 39) it is obvious that 
the conditions are about the same as those above described 
for theater wiring, that is, the conductors are carried direct to 
porcelain keyless receptacles; hence it is reasonable that the 
same requirements should apply to both cases. 

For large chandeliers, keyless sockets are used, the lights 
on the chandeliers being controlled in groups by switches 
conveniently located. It is for this reason that the same re- 
quirements apply for chandelier Ughting as for theater wiring 
above described. 

23d. IfF///. AUTOMATIC CUT-OUTS (FUSES AND CIRCUIT- 
BREAKERS). Fused rosettes may be used only for open work in large 
mills. Approved link fused rosettes may be used at a voltage of not over 
125 and approved enclosed fused rosettes at a voltage of not over 250, 
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the fuse in the rosettes not to exceed 3 amperes, and a fuse of over 25 
amperes must not be used in the branch circuit. 

The use of link-fuse rosettes is approved for open wiring 
under certain conditions. The fuse in each rosette must be 
small enough to protect the lamp socket, flexible cord and 
fixture wire. Where ceiUng rosettes are used, there should be 
a separate rosette for each pendant and it should he supported 
independently of the conductors which serve it. 

23e. If/. AUTOMATIC CUT-OUTS (FUSES AND CIRCUIT- 
BREAKERS). The rated capacity of fuses must not exceed the allow- 
able carrying capacity of the wire as given in No. 18. Circuit breakers 
must not be set more than 30 per cent above allowable carrying capacity 
of the wire, imless a fusible cut-out is also installed on the circuit. Where 
a rubber-covered conductor carries the current of only one A. C. motor 
of a type requiring large starting current, it may be protected by a fuse 
or an automatic circuit breaker without time limit device, rated in accord- 
ance with Table B of No. 18. The rated continuous current capacity 
of a time limit circuit breaker protecting a motor of the above type need 
not be greater than 125 per cent of the motor current rating, provided 
the time limit device is capable of preventing the breaker opening during 
the starting period. 

Fuses have overload capi^city. Link fuses are (Rule Q8b) 
rated at about 80 per cent, of the ciu'rent that they can carry 
continuously, that is, Unk fuses have about 25 per cent, 
overload capacity. Enclosed fuses will carry continuously a 
current 10 per cent, greater than that for which they are rated. 
For example, a link fuse stamped 100 amp. will carry indefi- 
nitely a current of about 125 amp. and an enclosed fuse marked 
100 amp. will carry indefinitely a current of about 110 amp. 
Fuses are so rated as to have overload capacity to insiu-e that 
a fuse will, without rupturing, handle the ordinary fluctuations 
of current in a circuit. Furthermore, since it requires an 
appreciable time for a fuse to attain melting temperature, 
momentary currents, of intensities much greater than the fuse 
ratings, will not ''blow" the fuses. It is evident then that if a 
conductor of a given size is protected with a fuse of a rating 
equal to the allowable current-carrying capacity of the con- 
ductor given in Rule 18, a margin for overload is provided. 
If it is necessary to prevent the fuses from blowing, to use 
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fuses larger than dictated by the Rvle 18 ratings for the pro- 
tection of a wire obviously the wire will then be overloaded. 
In such a case either the load on the wire should be decreased 
or the size of the wire (the load remaining the same) should be 
increased. 

In setting circuit-breakers for the protection of circuits it 
is justifiable to set the breaker so that it will trip on a current 
30 per cent, greater that the allowable current for the conductor 
as specified in Rule 18. The reason for this is that a circuit- 
breaker is extremely sensitive and will, unless it is equipped 
with a time-limit device (see description under Rvle 8c, IfF) 
respond instantly and open its circuit if a current greater 
than that for which it is set flows through it. If a circuit- 
breaker is set to trip on a current a few per cent, greater than 
the allowable current for the conductors of the circuit, it is 
likely that it would trip frequently on momentary overloads. 
This might result in considerable inconvenience. Such 
momentary overloading of the circuit conductors is frequently 
caused by the starting of a motor or the temporary rise in the 
voltage of a generator due to a sudden decrease in load. If 
fuses of the proper rating (in accordance with Rule 18) are 
used for protecting the conductors of a circuit, and in addition, 
a circuit-breaker is provided for the protection of the circuit, 
the breaker may then be set to trip on any current within its 
range. 

Rubber-insulated conductors serving one alternating-cur- 
rent motor may be fused in accordance with the values of Table 
By Rule 18, that is they may be fused as if they were insulated 
with material other than rubber. This provision is further 
discussed under Rule 8. Furthermore, if the conductors 
serving the motor are protected with a circuit-breaker having 
no time-limit device, then they may also be protected in 
accordance with Rvle 18, Table B, values. This requirement 
permits an overfusing or overaetting of about 60 per cent, for 
rubber-insulated conductors serving only one motor. 

23e. If/. Note. AUTOMATIC CUT-OUTS (FUSES AND CIR- 
CUIT-BREAKERS). In the great majority of cases where A. C. 
motors of the above type are started by means of autostarters the current- 
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carrying capacity of wires meeting the rale will not exceed the following 
percentages of the full load currents of the motors. — 



Rated full load current 


Percentage 


0- 30 amperes 


250 


31—100 amperes 


200 


Above 100 amperes 


160 




/ 



23e. H//. AUTOMATIC CUT-OUTS (FUSES AND CIRCUIT- 
BREAKERS). For the protection of wires having safe carrying capaci- 
ties exceeding the rated capacity of the largest approved enclosed type 
fuses, approved enclosed fuses arranged in multiple may be used, provided 
as few fuses as possible are used and the fuses are of equal capacity and 
provided the cut-out terminals are mounted on a single continuous pair 
of substantial bus bars. The total capacity of the fuses should not ex- 
ceed the safe carrying capacity of the wires. This does not apply to 
motor circuits. 

23e. If//. AUTOMATIC CUT-OUTS (FUSES AND CIRCUIT- 
BREAKERS). Fixture wire or flexible cord of No. 18 B. & S. gage will 
be considered as properly protected by 10 ampere fuses. 

In protecting No, 18 flexible cord or fixture wire, 10-amp. 
fuses are acceptable in spite of the fact that No. 18 conductor 
Rule 18) has an allowable carrying capacity of only 3 amp. for 
rubber-insulated conductor and 5 amp. for conductors with 
other insulations. The effect of this requirement is to permit 
the use of No. 18 fixture wires in large chandeliers protected 
by 10-amp. fuses as specified in Rule 23, IfF/. Inasmuch 
as fixture wire is used only in fixtures where it is protected and 
encased by the tubing thereof, the possibihty of its causing 
damage, even if it is greatly overloaded, is not nearly so great 
as if it were exposed. 

23/. If/. AUTOMATIC CUT-OUTS (FUSES AND CIRCUIT- 
BREAKERS. Each conductor of motor circuits, except on main switch- 
board or when otherwise subject to competent supervision, must be 
protected by an approved fuse, whether automatic overload circuit 
breakers are installed or not. Single phase motors may have one side 
protected by an approved automatic overload circuit breaker only, if the 
other side is protected by an approved fuse. 

For motor overload protection fuses may be required, even if 
the circuit is in addition protected by circuit-breakers. The 
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reason for this is that the setting of circuit-breakers is so easily 
altered that the attendant may readily, and without authoriza- 
tion, change the setting of a breaker so that it will trip only 
on a ciu-rent that will greatly overload the conductors feeding 
through it. Fuses of different ratings are not readily substi- 
tuted for one another, hence it is considered that their use in 
combination with circuit-breakers on motor circuits tends to 
minimize the abuse above suggested. RvXe 23/ specifies that 
the fuses may be omitted and the circuit-breaker used alone 
where the breaker is ''subject 
to competent supervision." 
Wiring inspectors will usually 
interpret the phrase ^^ subject to 
competent supervision ' ' rather 
Uberally. For this reason mo- 
tors operating in industrial 
plants wherein the electrician 
is always on duty, and in 
similar locations, are often 
protected by circuit-breakers 
alone. 

In protecting single-phase 
motors against overload, one 
fuse and a single-pole circuit-breaker are considered adequate 
if they are installed as shown in Fig. 223. <% 

23/. If//. AUTOMATIC CUT-OUTS (FUSES ^ AND CIRCUIT- 
BREAKERS). Circuit breakers will be approved for circuits having a 
maximum capacity greater than that for which approved enclosed fuses 
are rated. 

When overload protection is required in capacities greater 
than those in which fuses are made, circuit-breakers alone 
are accepted. The Code specifies the construction of enclosed 
fuses only up to and including 600 amp. and it is difiicult to 
purchase fuses of ratings greater than this. Fuses of ratings 
up to 1,000 amp. are sometimes made. Therefore, if overload 
protection of a rating in excess of 600 amp. is required, circuit- 
breakers alone without the auxiUary fuses, specified under 
Rule 23/, first paragraph, are acceptable. 
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Fig. 223. — ^Approved overload 
protection for a single-phase 
motor. 
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M. SWITCHES. 

{See No. 19. For amgtruelion of SwUchea see No. 65) 

24a. V- SWITCHES. Must be placed on all service wires, either 
overhead or underground, in the neareet readily accessible place to the 
point where the wires enter the building, and arranged to cut o& the entire 
current. Departure from this rule may be authorized only under special 
permission in writing. 

Service switches should be placed on all wires where the 
conductors enter a building, except inhere the buildings are 
served from a private plant as discussed below {Rvle 24a, *iIII) , 
or where the proper authori- 
ties give permission for its 
omisBion. The service, or en- 
trance switch, should always 
be installed in combination 
with the entrance cut-out de- 
scribed under Rvle 23a, \I.' 
The fimction of the service 
switch is to permit the posi- 
tive disconnection of the 
entire wiring system from the 
source of supply in the case 
of a fire or other emergency. 

Service switches for high- 
tension wires, in an industrial 
plant, should be located at 
the point where the high- 
tension wires enter the prem- 
ises. Oil switches, arranged 
somewhat as suggested in 
Fig. 224, are frequently in- 
stalled for this purpose. The 
handle of the switch should be so arranged that it can be 
easily reached in case of fire. Sometimes it is desirable to 
locate such a switch on a platform on a pole with a ladder 
leading from the ground to the platform. In other in- 
stances it is preferable to have an operating rod extend from 
the handle of the pole switch to the ground. Sometimes a ropw 
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is so arranged between the switch handle and a point a short 
distance above the ground that the high-tension switch can be 
operated from the ground by pulling the rope. Such a rope 
can be run in conduit held to the pole with pipe straps. The 
conduit should not be m contact with the oil switch casing or 
any of the wiring. 

Note. — ^The term ''readily accessible" in Rule 24a, ^I 
above is usually interpreted to mean within easy reach from 
the floor. Certain inspection departments require that the 
switch be not more than 5 ft. 6 in. above the floor. 

24a. f //. SWITCHES. Service cut-out and switch must be arranged 
to cut off current from all devices including meters. Service switches 
must indicate plainly whether they are open or closed. 

Service switches and cut-outs should be so arranged that 
they control all interior wiring, that is, if the service switch 
is opened or if the service cut-out, described under Rule 23a, 
operates, all of the electrical conductors and devices associated 
with the interior wiring circuit should be disconnected from 
the source of supply. Conditions are frequently such thai 
there is a run of wire between the point where the circuit 
actually enters the building and the service switch and cut- 
out which cannot conveniently be thus protected. The in- 
terior circuits should always be so arranged that this unpro- 
tected run will be of minimum length. In other words, the 
service switch and cut-out should always be as close as possible 
to the location where the wires enter the building. The ideal 
condition is to have them just inside of the point where the 
wires enter the building in accordance with the specifications 
under Ride 23d. 

Switches for service entrances should always be selected 
of such a type that the switch will indicate whether it is open 
or closed. Such indication is desirable so that a fireman, 
or any other person, in case of emergency, can ascertain merely 
by looking at the switch whether or not all of the conductors 
of the interior wiring circuits are disconnected from the source 
of supply. Any person can tell by glancing at the position of 
the blades of a knife switch whether the switch is open or 
closed. Hence a knife switch may be considered an indicating 
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switch. Where snap switches, Fig. 225, are used for entrance 
switches, only those of the type having an indicating dial 
should be installed. Where knife switches are enclosed in a 
metal or other approved case with only the handle extending 
outside of the cabinet, the legends "on" and "off" should be 
plainly lettered in the proper positions near the slot through 
which the switch handle extends. 

24o. \III. SWITCHES. In risks having private planta the yard 
wires nmning from building to building are not considered as service 
wires, so that switches would not be required in each building if there are 
other switches conveniently located on the mains or if the generators are 
near at band. 

Switches need not always be installed at entrances of 
buildings served by private plants. The reason why such 
switches may be omitted are 
similar to those which some- 
times render the omission of 
entrance cut-outs desirable in 
private plant buildings {Rule 
23a, VV). This situation 
was discussed in a previous 
' paragraph in connection with 
Fig. 209, In many instances, 
Fig. 225.— Indicating snap switch, however, it IS desirable, par- 
ticularly in an industrial 
plant covering a large area which renders necessary the use 
of long feeders, to place a switch at the service entrance of 
each building. Such a switch may be very useful in case 
of a fire or other emergency to provide for the prompt discon- 
nection of the entire interior wiring system from the source of 
supply. It will also be convenient in that it provides a means 
of isolating the interior wiring system when tests are being 
made. Hence, in isolated plants it may be considered good 
practice to omit the entrance cut-out, but to install an entrance 
switch at each building. 

246. V- SWITCHES. Must always be placed in dry, accessible 
places, and be grouped as far as possible. (See No. 19c.) Single-throw 
•tnife switches must be so placed that gravity will not tend to close them. 
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Double-throw knife switches may be mounted so that the throw will be 
either vertical or horizontal as preferred, but if the throw be vertical a 
locking device must be provided, so constructed as to insure the blades 
remaining in the open position when so set. 

Switches should always be located in dry accessible 
places. They should always be in dry places because in loca- 
tions where the atmosphere is moist, corrosion of the metal 
parts of the switch will occur. The current-carrying contacts 
may then become so badly corroded thereby that the switch 
will not close the circuit. Furthermore, some of the metals 
used in constructing switches appear to disintegrate and 
become granular and brittle when exposed to moisture. This 
fact is frequently observed when sheet-brass fittings are 
installed out of doors. It is obvious that switches should be 
readily accessible, because if they are not it may be difiicult and . 
require considerable time to operate them when they are most 
needed. 

The switches of an installation should, when possible, be 
grouped*. This suggestion follows from the generally accepted 
doctrine that it is always better to assemble the electrical 
devices, that require main- 
tenance and which may be 
operated frequently, at a few 
locations in the building rather 
than to scatter them indiscrim- 
inately throughout the struc- 
tiu'e. Fig. 216 illustrates a 
typical example where all of 
the switches controlling the 
branch circuits of an installa- 
tion are grouped together with 
the cut-outs in a panel box. 
Often flush switches for the branch circuits are arranged in a 
somewhat similar fashion, except that the flush switches can 
be so mounted that it is not necessary to open^the box to 
operate them. 

In mounting double-throw knife switches if they are 
arranged as diagrammed in Fig. 226 it is obvious that gravity 

237 







Hi'h00jtnYJ- 













Fig. 226, — Double-throw switch 
mounted horizontally. 



Rule 246 CONSTANT-POTENTIAL Clabb c 

tends neither to open or close the Bwitch; hence such an 
arrangement is acceptable. If, because of constructional con- 
ditions, it is necessary to mount the switch vertically, as shown 
in Fig. 227, some sort of a safety device should be provided that 
will prevent the blades from accidentally closing. A simple 
arrangement which will prevent such accidental closing of a 
vertically mounted knife switch is shown in Fig. 227. It con- 
sists of a small box of wood, or other insulating material, prefer- 
ably assembled without the use of metallic nails or screws, so 



(ftnptcflyi <S,ctlen) 

1 prevent a vertically-mounted switch 



proportioned that it will fit over and enclose the lower break 
jaws of the switch. The construction of the box is shown at /. 
When it is desired to keep the switch open, the box is set over 
the lower break jaws as shown at /// and lY and the switch 
blades are pressed down against it, thereby preventing its 
accidental displacement. 



Switches should be so «dred that their blades will not be 
"alive" when the switch is open for the reason that short- 
circuits are likely to occur across the blades of an open switch 
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if it is so wired that the blades are charged when it is open. 
Such a short-circuit may be due to a screw-driver in the hands 
of a repair man crossing the blades, or if a repair man is re- 
placing a fuse in the cut-out associated with the switch, the 
fuse may contact with the two blades. 

There are three requirements that should be observed in 
installing switches. They are : 

First: Where a cut-oiU is associated with a switch it should 
he so arranged (hat it will protect the switch (Rule 23a, 1[//). 

Second: Switches should be so wired that the blades will be 
dead when the switch is open {Rule 246, 1[//). 

Third: Switches should be so placed that gravity will not tend- 
to close them (Rule 246, If 7). 

Figure 201 illustrates the correct methods of installing single- 
throw knife switches so that they will meet these requirements. 
The correct methods are shown at 7, II and ///, while the in- 
correct ones are diagrammed ia IV, V and VI . From a con- 
sideration of this illustration it will be evident that it is im- 
possible to install a switch which is "fused at the hinge end" 
so that it will satisfy all three of the above requirements. 
The arrangement of IF does not meet the requirements, be- 
cause the blades of the switch are "alive" when the switch is 
open. That of F is incorrect because the blades are alive when 
the switch is open and because gravity tends to close the switch 
rather than to open it. The arrangement of VI is incorrect, 
because the fuses do not protect the switch. In spite of the 
fact that the arrangements of 7, 77 and 777 satisfy the three 
above enumerated requirements, these arrangements all 
have the disadvantage that the handle of the switch, when 
the switch is closed, is directly over the fuses; hence it is pos- 
sible that a person who is closing a switch arranged as shown at 
7, 77 or 777, and which feeds a short-circuited or heavily 
loaded circuit, may have his hand burnt. The fuses may blow 
at the instant that he closes the switch. It is for this and 
possibly other reasons that, where the switch is inside the 
building and enclosed in an iron box, a cut-out may be placed 
between the switch and the source of supply as shown in Fig. 
202 and as specified under Rule 23a, 1[77. 

239 



Rule 24& 



CONSTANT-POTENTIAL 



Class c 



246. K//. Note. Switches. Up to 250 volts and thirty amperes, 
approved indicating snap switches are suggested in preference to knife 
switches on lighting circuits. 

Indicating snap switches are preferable to knife switches 
on lighting circuits (Fig. 225) because such switches are 
frequently installed in exposed locations and manipulated by 
inexperienced persons. Snap switches have aU current-carry- 
ing parts totally enclosed. This prevents the possibility of 
accidental shock to the operator and minimizes the UabiUty 
of fire due to the arc that is formed when the switch is opened. 
Such an arc may ignite particles of combustible materials on 
the switch or in the surrounding atmosphere. 

24c. 1[/. SWITCHES. Single pole switches must never be used as 
service switches nor for the control of outdoor signs or circuits located 
in damp places, nor placed in the neutral wire of a three-wire system, 
except in the two-wire branch or tap circuit supplying not more than 
660 watts. 

Single-pole switches do not, when open, completely isolate 
the circuits which they control. It is for this reason that they 
should not be used for the control of important circuits; 
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Fig. 228. — Indicating why single-pole switches are undesirable. 

they shoulci not be used for service switches for example. 
For the same reason, they should not be used for the control 
of circuits that are located out of doors or in damp places 
because such circuits are particularly subject to grounds. 

. Example. — In Fig. 228, at I and // are shown two-wire 
incandescent lamp circuits fed from two-wire supply circuits. 
The branch circuits are controlled by single-pole switches. 
In the diagram of / there is an accidental ground Ga on the 
negative wire of the branch circuit. It is assumed that there 
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is also a ground Gp on the negative wire of the supply circuit. 
This negative- wire ground might be either an accidental 
ground or a permanent ground on a three-wire system neutral 
or on a transformer secondary, provided in accordance with 
Rule 156. A consideration of the illustration will show that 
due to these grounds there is a closed circuit through the 
incandescent lamps and the lamps may remain lighted whether 
the single-pole switch is open or closed. It is obvious that a 
condition such as that illustrated might, if undiscovered, be 
a source of considerable trouble and even danger. 

At II where there is an accidental ground Gi on the posi- 
tive branch wire, and also a ground G2 on the negative feed 
wire, a short-circuit via the path ABG1G2C exists whether the 
single-pole switch is open or closed. It is possible that the 
resistance of grounds d and G2 might be sufficiently high that 
the short-circuit current might be limited to a small value, 
say, 5 amp. This current would not be great enough to 
"blow" the 6-amp. fuse protecting the incandescent-lamp 
branch circuit, but it might under certain conditions be a 
source of trouble and possible danger. 

As shown in III, where a double-pole switch is used, the 
circuit feeding through the switch is completely isolated 
from the supply circuit while the switch is open, so that the 
difficulties diagrammed in / and II cannot then occur. 

Single-pole switches should not be placed in a three-wire 
system neutral wire, because it is imperative, as outlined in a 
preceding paragraph {Rule 23a, If///) that the neutral wire be 
continuous when the side circuits associated with it are serving 
a load. If a single-pole switch were placed in the neutral it 
might be possible to open the neutral, the side circuit wires 
remaining closed, in which case the condition illustrated in 
Fig. 208, //, might occur. 

Single-pole switches should not be used in the wire of a 
two-wire branch that connects to the neutral of a three-wire 
system. The reasons for this are diagrammed in Fig. 229. 
At A, a single-pole switch is cut in the branch-circuit wire 
which taps to the neutral. Now, even if this single-pole 
switch is open or closed and an accidental ground (Gi) on the 
positive branch wire occurs, there is a circuit through the lamps 
as shown by the dotted arrows, because the neutral of a three- 
wire system is nearly always {Rule 15a) grounded per- 
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manently as at Gp. If in circuit A there is no ground at Gi 
but there is an accidental ground G2 on the other side of the 
circuit, then a short-circuit current will flow via the path 
indicated by the full-line wavy arrows. A study of the dia- 
gram will indicate that with the single-pole switch cut in the 
branch-circuit wire (as in branch circuit B) which connects 
to one of the outer wires of the three-wire main, the lamps 
will not be illuminated due to an accidental ground on either 
of the wires of B, nor can one gi*ound on branch circuit B 
form, in combination with the permanent ground on the 
neutral, a path for a short-circuit current. However, the 
troubles suggested in Fig. 228, 1 and // might occur on circuit 
B but could not occur on branch circuit C which is controlled 
by a double-pole switch. It should be noted that the difficul- 
ties indicated in connection with Fig. 228, I and II are liable 
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Fig. 229. — Showing why single-pole switches should not be used in the 

neutral of a three-wire system. 

to be encountered only when one of the wires of the two-wire 
supply system is permanently grounded, because if it is not 
permanently grounded then two accidental grounds must occur 
before the situations diagrammed could obtain. Two-wire 
supply circuits are not always permanently grounded. How- 
ever, the neutral of a three-wire supply circuit is always per- 
manently grounded, as suggested in Fig. 229, which means 
that only one accidental ground as G\ or (j2, Fig. 229, is neces- 
sary to cause the difficulties suggested in that illustration. 
Single-pole switches should not be used in circuits having 
loads greater than 660 watts. The reason for this is that it is 
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desirable to limit the extent of the wiring controlled by a 
single-pole switch because of the conditions outlined above. 
Furthermore, experience has shown that ordinary single-pole 
switches are not capable of continually and positively opening 
power loads greater than 660 watts. This requirement limits 
the application of single-pole switches to the control of cir- 
cuits serving groups of incandescent lamps, small motors or 
small heating devices, as specified in Rule 23d, If/. In other 
words, no circuit in which a single-pole switch is used should 
be fused for a current greater than 6 amp. at 110 volts, or 3 
amp. at 220 volts. Single-pole switches should never under 
any conditions.be used as service switches or for the control of 
outdoor wiring (Rule 24c, ^ I). 

24c. If//. SWITCHES. This, of course, does not apply to the 
grounded circuits of Street Railway systems. 

Grounded street-railway circuits may be controlled by 
single-pole switches. The situation in regard to the protection 
of street-railway circuits is further discussed under Rule 19a, 

If///. 

24c. ^11 L SWITCHES. Three-way switches are considered as sin- 
gle pole switches. 

Three-way switches are considered as single-pole switches, 
hence should not be used for the control of circuits having 
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Fig. 230. — Correct and incorrect methods of connecting three-way- 
switches. 

loads greater than 66o watts. Furthermore, since a three-way 
switch is considered as a single-pole switch, it is not permissible 
to carry conductors of opposite polarity into one three-way 
switch; therefore, the wiring of Fig. 230, //, though it is some- 
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times used, is incorrect and probably unsafe. Tbe correct 
method of wiring is shown in /. - 

24d. V- SWITCHES. Where flush awitches or receptacles are used, 
whether with conduit systems or not, they must be enclosed in an ap- 
proved box constructed of iron or steel, in addition to the porcelain en- 
closure of the switch or receptacle. 

Flush switches must always be enclosed in protective cas- 
ings. Ordinarily a steel box is used as shown in Figs. 231 




- Wooden Base Block n -Installed irt Wall 

Fio. 231. — Application of wooden ba«e block. 



and 232 to give this protection. It is necessary that the flush- 
switch movement be thus encased to protect it from plaster 
droppings and to insure that the arcs that are drawn when the 
switch is operated cannot ' ignite any of the material within 
the partition in which the switch is installed. 
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24(i. f/7. SWITCHES. At floor outlets, attachment pli^ and re- 
ceptacles must be enclosed in approved floor outlet boxes especially de- 
signed for this purpose. Departure from this rule may be authorized 
only under special permission in writing in cases where attachment 
plugs and receptacles ftre not subject to mechanical injury and the pres- 
ence of moisture is not probable. 

Waterproof floor outlet boxes are used as shown in Fig. 
233 for the protection of floor outlet receptacles. If no pro- 
tecting box is used, water may enter and short-circuit the 




receptacle when the floors are being scrubbed. Furthermore, 
such a box insures that possible arcs within the receptacle 
cannot ignite dust or other inflammable material within the 
floor. Floor boxes of the "adjustable" type illustrated in 
Fig. 233 are most frequently used. In setting floor boxes, 
particularly in concrete floors which are in process of construc- 
tion, it is extremely difficult to level the box correctly and 
maintain it in alignment. Where an adjustable box is used the 
main box can be set in the concrete in an approximately level 
position. Then after the building is practically completed 
and the receptacles are being installed, the adjustable ring 
forming the top of the box may be accurately leveled with 
the finished floor and attached to the main portion of the box 
which has been set in the concrete, 

24«. V- SWITCHES. Where possible, at all switch outlets, unless 
outlet boxea which will give proper support for switches are used, a seven- 
eighths inch block must be fastened between studs or floor timbers flush 
with back of lathing to hold tubing and to support switches. When this 
cannot be done, wooden base blocks, not less than three-fourths inch in 
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thickness, securely screwed to lathing, or approved fittings designed for 
the service, must be provided for switches. 

Substantial supports should be provided for all switches. 
Where Bteel outlet boxes are used in combination with conduit 
wiring, the conduit ordinarily sustains the box rigidly, proiad- 
ing a substantial support. With 
knob-and-tube wiring it is 
necessary, and with conduit 
wiring in frame partitions often 
desirable, to provide a mount- 
ing board or cleat between the 
studs to support the switch box 
for a flush switch as shown in 
Fig. 232. Where a snap switch 
is to be used, a mounting board 
should be provided to support 
it. Where mounting boards 

^^ have not been provided within 

Fio. 234.— Wood mounting the partition prior to plastering, 
block tor snap switch on plas- wooden base blocks Can be used 
tered partition (knob-and-tube , „■ nn, j nm .. 

work). as shown in Figs. 231 and 234 to 

support flush and snap switches, 
respectively. Fig. 238 indicates the proper method of mount- 
ing a cast-iron switch box in Icnob-and-tube wiring. 

24/. 1/. SWITCHES. Sub-baaea of non-combustible, non-absorp- 
tive, insulating material, which will separate the wires at least one-half 
inch from the surface wired over, must be installed under all snap 
switchea used in exposed knob and cleat wodc. Sub-bases must also be 
used in moulding work, but they may be made of hardwood or they 
may be omitted if the switch is approved for moimting directly on 
the moulding. 

Insulating sub-bases should be used for supporting snap 
switches in exposed knob and cleat work. The function of 

such bases is to prevent the conductors which enter the switch 
from contacting with the supporting surface. Small porce- 
lain knobs may be used for thus supporting snap switches 
as shown in Fig. 235, or instead, molded porcelain fittings 
(Fig. 236) especially made for the purpose, can be utiUzed. 
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Switclies in molding-wiring installations should be sup- 
ported on sub-bases as shown in Fig. 237. Specially made 
porcelain or wood bases may be used, or the backing of the 



I-Plan Vi«w Q-Slde Gevotlon 

Fio. 235. — Surface snap switch eupported on porcelain knobs. 




Fia. 236. — Insulating sub-base for snap switch. 




Fio, 237. — Bases for snap switches in moldii^ work. 



Fia. 238. — Showing wooden support for a knob-and-tube wiring flush 
switch as it appears before partition is plasteKd. 

molding can be utilized as a base, provided the switch used 
with it has been especially designed for this construction. 
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26. ELECTRIC HEATERS. 

An electric heater is a device arranged to utilize the heat 
which is produced by a current of electricity flowing in a con- 
ductor. Frequently the "resistor'' — the conductor wherein 
the heat is developed — ^is wound in a spiral or similar form so 
that the maximum length (resistance) can be disposed in a 
minimum space. Among the most frequently appUed electric 
heaters are sad irons, water heaters, room heaters, cooking 
devices, curUng irons and industrial heaters, such as those for 
glue pots, hat irons and linotype metal. It is obvious that 
any of these devices may be a source of considerable fire hazard 
because it must be capable of developing the same heat as 
would a gas- or coal-heated device serving the same function. 

Electric heaters should not be located in dusty or linty 
places unless adequate precautions are taken to prevent the 
possibility of fire. Ordinarily, heaters in such locations should 
be protected in much the same way as are resistance boxes in 
dusty places, as outlined in Rule 4a, ^11, 

25o. 1[/. ELECTRIC HEATERS. Each heater of more than six (6) 
amperes or 660 watts capacity must be protected by a cut-out, and con- 
trolled by a switch or plug connector plainly indicating whether "on'' 
or "off" and located within sight of the heater. Heat«rs of six (6) 
amperes or 660 watts capacity, or less, may be grouped under the protec- 
tion of a single set of fuses, provided the rated capacity of the fuses does 
not exceed ten (10) amperes, or may be connected individually to light- 
ing circuits when the normal load in use on the circuit at any time will 
not exceed 660 watts. 
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Fig. 239. — Illustrating electric-heater circuits. 




The methods of wiring for electric heating devices are dia- 
grammed in Fig. 239. Any heating device requiring power in 
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excess of 660 watts should be protected by an individual cut- 
out and controlled by an individual double-pole switch as 
shown at A. Devices each requiring less than 660 watts 
may be grouped under one set of 10-amp. fuses as shown at B. 
Or, a heating device requiring less than 660 watts may be 
served from an incandescent-lamp circuit as shown at D. 
In this case, however, the fuses F should not be of a greater 
capacity than 6 amp. because this is the maximum capacity 
fuse (Rule 23d, ![/) permissible for an ordinary incandescent 
hghting circuit. In other words, if heating devices, each of 
which is of a capacity less than 660 watts, are on circuits from 
which no incandescent lamps are served, the circuits may be 
protected by 10-amp, fuses as shown at C and B, but if there 
are incandescent lamps on a circuit, the fuse capacity is limited 
to 6 amp. as shown at D. 



I-5od Iron inaloMotlon " Combiniif/Vri '■' 

Fia. 240. — Heating-device wiring installation and appliances. {Note. 
— The control combination shovm at C with cover removed has a switch 
and receptacle of types different from those illustrated at A.) 

Indicating or pilot lights, though not required in heating 
device circuits, are always desirable. Such a pilot Ught may 
be connected in multiple in a heater circuit as shown in Fig. 
239, A, and in Fig. 240, so that when voltage is impressed on 
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the heater, the lamp will be illuminated. A small lamp, con- 
suming a few watts of power, will serve. The lamp, when 
Ughted, provides an effective visual signal and thereby tends 
to prevent the heater switch being accidently left closed. 

An indicating switch should be used for all large heaters^ 
that is, for heaters requiring more than 660 watts, as shown at 
A, Fig. 239, whether an indicating lamp is used or not. The 
switch must be in plain sight of the heater. The pilot Ught 
referred to above, often used in combination with the heater 
switch, may be considered as a supplementary indicator. 

Special circuits for heating devices {A and £, Fig. 241) 
should be used in industrial plants where portable heaters are 
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Fig. 241. — Indicating wiring for special heating device circuits. 



installed. The circuits should be subdivided and controlled 
with double-pole switches {S>x and S^) so that all of the devices 
in an entire department or instead, a certain group of devices, 
can be positively disconnected when the department is not in 
operation and so that the branch circuits to the devices will 
not be "aUve" when no operators are present. A red pilot 
light (La and L^ Fig. 241) should be associated with the main 
control switch for each group, even though each individual 
heater in the group has its own pilot Ught and switch (which 
should be located within sight of the heater) so that there will 
be Uttle Ukelihood of the group-control switch being left 
closed accidentally. It is frequently desirable to install special 

250 



Class c INSIDE WORK Rule 25c 

heating-device circuits in residences, particularly when it is 
probable that several heaters may be used in the same building. 
Domestic hMting devices are frequently served through the 
standard incandescent-lamp sockets. As outlined above, this 
practice is permissible where the load does not exceed 660 watts, 
but it is a much better and safer arrangement to serve the 
devices through special heating circuits. The switches in key 
sockets and the single-pole switches which are used for the 
control of the circuits of wattages less than 660 are, in some 
cases, incapable of prolonged continuous service in heating- 
device circuits where the power load ruptured by the switches 
is relatively great. 

266. If/. ELECTRIC HEATERS. Flexible conductors for smooth- 
ing irons and sad irons, and for all devices requiring over 250 watts, must 
have an approved insulation and covering complying with the require- 
ments of No. 51 A;. 

Flexible cords for heating devices (Fig. 240) where the 
device requires over 250 watts, must be composed of conductors 
which are protected from heat and abrasion by an asbestos 
serving and an outer reinforcing covering of cotton braid or 
similar material. For devices of wattages less than 250, the 
ordinary reinforced lamp cord may be used. 

25c. V' ELECTRIC HEATERS. With portable heating devices, 
approved plug conilectors must be used, so arranged that the plug may be 
pulled out to open the circuit without leaving any live parts so exposed 
as to render likely accidental contact therewith. The connector may be 
located at either end of the flexible conductor or inserted in the conductor 
itself. 

Plug connections, Fig. 242, are inserted in cords serving 
portable heating devices, usually in the end of the cord 
adjacent to the heater, Fig. 240, so that positive means of 
disconnecting the device will be available whether or not there 
is a switch in the circuit. Such plug connectors are par- 
ticularly necessary for devices requiring less than 660 watts, 
because these devices may be served from a Ughting circuit 
through a keyless socket or possibly through a key socket 
located out of reach. 
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2W. If/. ELECTRIC HEATERS. Smoothing irons, sad irons and 
other heating devices that are intended to be applied to combustible 
articles, must be provided with approved stands. 
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Fig. 242. — Plug connectors for portable heating devices. 

Non-combustible stands should be provided for electric 
irons. A number of fires have been started through the care- 
lessness of an operator in leaving an energized electric iron on 
a wooden ironing board. Under these conditions, the average 
electric iron will, if undisturbed for a sufficient period, burn 
its way through the ironing board. The ironing board or its 

cloth covering is frequently 
ignited. It has been found 
that the ironing surface of an 
electrically heated iron should 
operate at a temperature in 
the neighborhood of 500*^. 
if it is to be used for ironing 
damp cloth. The ironing 
surface of an iron will, if the 
iron is not used, and its heat 
is not thereby dissipated, 
often get red hot in less than 15 min. Automatic cut- 
outs, arranged for mounting on electric irons, have been 
designed. The function of such cut-outs is to disconnect the 
iron from its source of e.m.f . if its temperature exceeds a cer- 
tain permissible maximum. Such cut-outs have, however, 
proved unreliable in practice and the general attitude appears 
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to be that these cut-oute tend to increase the fire hazard rather 
than to reduce it. An electric-iron stand of one type is shown 
in Fig. 243. Its components are formed from sheet steel. It 
is arranged to have a maximum of radiating surface. Hence 
the two air spaces are interposed between the heated surface 
of the iron that may be on the stand and the plane upon which 
the stand rests, 

Electric-iron instaUations are usually made about as shown 
in Fig. 240. While an indicating lamp is not required for an 
electric iron or any other heating device if it is controlled by 
an indicating switch, it is considered good practice, and is 



Fio. 244. — An approved heater-contral combination for surface wiring, 
made in 10-amp. and 25-amp. capacities, 250 volte. (Biyant EUectnc 
Company.) 

undoubtedly desirable, to include an indicating lamp in every 
installation as shown. Heater-control combinations. Fig. 240, 
// and Fig. 244, are now manufactured in a number of different 
designs, which renders it uneconomical to assemble a heater- 
control combination as shown in Fig. 240, /, unless it so 
happens that one of the specially designed combinations is 
not available. The spring shown in Fig. 240, /, is usually 
included in the electric-iron outfits as furnished by the manu- 
facturers. The function of this spring, which should be very 
yielding, is to hold the heater cord up out of the way and pre- 
vent its dr^ging over the material being ironed. Another 
method of installing electric irons that has proven satisfactory 
in service is described in the author's American Electricians' 
Handbook. 
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25e. HJ. ELECTRIC JTEATBRS. SUtionary heaters, such as radia- 
tors, ranges, plate warmers, etc., must be so located as to furnish ample 
protection between the device and surrounding combustible material. 

Protection for stationary heaters may be provided somewhat 
as shown in Fig. 245. A 
shield, composed of two 
sheets of steel, is interposed 
between the electric heater 
and the combustible smface 
near it. Note that an air 
space of at least 1 in. should 
be provided between plates. 
The plates should be so ar- 
ranged that there may be a 
free vertical circulatipn of air 
between them, that is, with 
the construction shown the 
inner plate, P, should not ex- 
tend entirely to the floor. 
Frequently alternate lamins 
of sheet steel and asbestos, 
with air spaces between them, 
can be utilized to advantage 
in providing protection of 
this character. 



ll~ Lievation 
Fio. 245.— Showing 



2^. \l. ELECTRIC HEATERS. Must each be provided with a 
nameplate, giving the maker's name and the normal capacity in volts 
aad amperes, or in volts and watts. 

Nameplates on heating devices should be provided, Fig. 
246, for the same reasons that similar plates are required on 
motors and generators, that is, so that any person installing 
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the device can readily ascertain its limitations. Thus a 
tendency toward overloading, overheating and the consequent 
fire risk is minimized. Some manufacturers; instead of fasten- 
ing a separate nameplate on each device, dienstamp the name- 
plate information on it. Thus any possibility of the loss of 
the data is prevented. 

Qaestiont. CUti C. (Constant-potbntial Ststbim — Obnisral Rulbs — 

All Voltagbs) 

113. What requirements govern the installation of fuses and circuit breakers placed 
on overhead or underground service wires? Explain reasons for these rules. 

114. Under what conditions may motors be grouped under the protection of a single 
set of fuses? 

116. What sise fuses are considered as safe protection for No. 18, B. A S. gage, fixture 
wire? Explain in detail and give reasons. 

116. What special precautions against fire must be taken when stationary heaters are 
located near combustible materials? 

117. Under what circumstances may single-pole snap switches be used as service 
switches? 

1 18. Why must cut-outs be placed at points in a circuit where changes are made in wire 
sixes? 

119. In what locations may fused rosettes be permitted? 

120. What are the assumed wattage requirements of sockets and lamp receptacles of 
(a) medium sise, and (6) candelabra sise? State the exceptions to this rule. 

121. What arrangements are allowable for the protection of wires having carrying 
capacities greater than the ratings of the largest approved fuses? 

122. When must branches or taps from a three-wire system be run as two-wire circuits? 

123. Under what conditions may fuses or cut-outs be installed in concealed locations? 

124. When 1320 watts are dependent upon one fusible cut-out, what is the permissible 
rating of the fuses which protect such a circuit? 

126. When must heaters be separately controlled and protected? 

126. When flush switches are installed, how must they be enclosed? 

127. What are service wires? 

128. State under what conditions sub-bases must be installed in conjunction with snap 
switches. 

120. State the requirements affecting the use of link fuses. 

130. How much above the rated ampere-carrsring capacity of the wires which they 
protect may circuit breakers be set. 

131. What are the special cases where the load dependent upon one cut-out may exceed 
660 watts? 

132. What kind of connectors must be used for portable heating devices? 

133. State the conditions under which single-phase motors may have only one side of 
their circuit protected by an approved automatic overload circuit breaker. 

134. May both sides of a circuit enter a three-way switch? Explain. 

135. At what locations must switches be placed in overhead or underground service 
wires? 

136. When outlet boxes providing proper support for switches are not used, how should 
the switches be supported? 

137. Give briefly the important general rules covering the installation of service 
switches. 
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LOW-POTENTIAL SYSTEMS 

550 Volts or Less 

(Rules 26 to 43 inclusive) 

Any circuit attached to any transforming device^ machine, or combination 
of machinery which develops a difference of potential between any two wires 
or between any wire and the ground of not over 550 voUsy shall be considered 
as a low-potential circuit, and as coming under this class. The primary 
circuit not to exceed a potential of 3,500 voUs, unless the primary wires are 
installed in accordance with the requirements as given in No. 13, or are 
underground. For 550 voU motor equipments a margin of ten per cent, 
above the 550 voU limit vnll be allowed at the generator or transformer. 

26. WIRES. 

GENERAL RULES 

{See also Nos. 16, 17, 18, 20 and 27. For construction rules see Nos. 49 

to 57) 

26a. If/. WIRES. When entering cabinets, cut-out boxes or junc- 
tion boxes, except where they are in conduit, armored cable or metal 
molding, they must be protected by non-combustible, non-absorptive, 
insulating bushings, which fit tightly the holes in the box or cabinet and 
are well secured in place. The wires should completely fill the holes in 
the bushings, so as to keep out dust, tape being used to build up the wires 
if necessary. For concealed knob and tube work, or for open work in 
dry places, approved flexible tubing will be accepted in lieu of bushings, 
providing it extends from the last porcelain support into a wooden cabi- 
net, or is secured to a metal cabinet, cut-out box, junction or switchbox 
by an approved fitting. 

The method of bushing conductors entering a cabinet 

wired in accordance with the open or knob-and-tube method is 
illustrated in Fig. 247. The holes through which the conductors 
enter the cabinet should, preferably, be bushed with porcelain 
tubes as shown at the right of the illustration, but in dry places, 
flexible tubing can be used as shown at the left. 

Flexible tubing may be used for bushing around conductors 
extending into metal boxes in knob-and-tube installations or 
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for open work in dry places, provided it extends from the laat 
porcelain support and is held in the box by an approved fitting. 
Fig. 248 illustrates one form of approved fitting to prevent the 
end of flexible tubing from pulling off an outlet box. The steel 



Fia. 247. — Methods of insulating "knob-and-tube" conductora where 
they eater a wooden cabinet. 



H-StturlnjOevice 

Fio. 248. — Approved fitting for securing flexible conduit ends in 
metal box. 

stamping shown at //, is held to the bottom of the box with a 
screw and is so arranged that, before it is clamped permanently 
in position, it may be pressed down so that it will "bite" 
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into the tubing. A number of other devices of somewhat 
similar construction for performing this same function are 
manufactured. Other examples of bushings on conductors 
where the wires enter boxes are shown in Figs. 58-4., 188, 196, 
202, 219, 255 and 275. 

266. ![/. WIRES. Must not be laid in plaster, cement or similar 
finish, and must never be fastened with staples. 

Sta.ples should never be used for supporting wiresi except 
signal wires (Rule 85). Fig. 159 shows the way not to do it. 

Conductors should not be laid directly in plaster or cement 
or allowed to contact therewith, even if the conductors have 
insulating coverings. Both of these, and similar materials, 
are fairly good conductors, particularly when moist, and 
therefore may be sources of grounds or short-circuits if con- 
ductors are permitted to touch them. Furthermore, plasters, 
mortars and cements are alkaline or acid. They may, there- 
fore, prior to drying out, act chemically on the insulating 
materials on the conductors and impair or destroy them. 
In certain cases, chemical action of this nature has been 
suflBcient not only to *'eat away" the insulation on conductors 
but to perceptibly corrode the metal of the wire itself. 

26c. If/. WIRES. Must not be fished for any great distance, and 
only in places where the inspector can satisfy himself that the rules have 
been complied with. 

Where it is necessary to fish conductors, they should, where 
the wiring is in accordance with the knob-and-tube or open- 
work methods, be encased in flexible tubing, provided the 
fished portion of the circuit is in a dry location. If it is moist, 
flexible conduit or armored cable should be employed. Fig. 
249 shows an example of an installation where the loom- 
encased conductors were, in a finished building installation, 
fished from outlet B to pocket A, In the author's Wiring 
or Finished Buildings numerous other examples of fished 
runs are given and the methods and devices employed in fishing 
conductors are described in detail. 

The lengths of fished runs should be limited because if a 
long run is fished, it is impossible to ascertain definitely whether 
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the conductors that have been fished are safely installed. For 
example, they may be lying on a damp water pipe or in a moist 
location at some inaccessible point within a partition or ceihng 
space. The wires should always be encased in flexible tubing 
before being pulled in. 



Fig. 249.— Example of fiahed run. 

res muat never be used, except in cooduits, 
« necessary. 

A twin wire is defined in the U. S. Bureau of Standards 
Publication No. 37 as "Two small insulated conductors laid 



parallel, having a common covering." Fig. 250 shows a piece of 
twin wire in a conduit. Since in wires of this character the 
conductors of opposite polarity are very close together, it is 
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obvious that their use should be restricted to places where 
there will be little likelihood of their causing a fire if a short- 
circuit occurred between these two adjacent conductors. 
Another source of hazard Ues in the fact that a fire originated 
by a short-circuit between the two conductors of a twin wire 
would rapidly follow along the combustible insulation on the 
conductor?. Obviously it would be unsafe to install twin- 
conductor circuits on knobs or cleats either in exposed or in 
concealed locations because of the possibiUty • of mechanical 
interference short-circuiting the wires. When a twin wire is 
installed within a conduit, the Uability of mechanical inter- 
ference is practically ehminated and furthermore, if a fire did 
start within the conduit it would be confined within the tube. 
Flexible conductors are ordinarily considered necessary only 
with heating devices, pendant sockets, portable lamps, por- 
table motors, stage plugs and adjustable brackets of certain 
types. 

26e. If/. WIRES. Must, where exposed to mechanical injury, be 
suitably protected. When crossing floor timbers in cellars, or in rooms 
where they might be exposed to injury, wires must be installed in approved 
conduit or armored cable or be attached by their insulating supports to 
the under side of a wooden strip, not less than one half inch in thickness 
and not less than three inches in width. Instead of the running boards, 
guard strips on each side of and close to the wires will be accepted. These 
strips to be not less than seven-eighths of an inch in thickness and at 
least as high as the insulators. 

Guard strips and running-boards are used for the protection 
of open-work wiring where the conductors must be carried on 
insulators supported on the lower edges of the timbers in loca- 
tions where they might be subjected to mechanical interfer- 
ence. Such strips are ordinarily required in basements and in 
other places where the ceiling is low. In Fig. 261, /, each 
conductor of the circuit is supported on its own running-board 
which should be at least as heavy as the dimensions indicate. 
At // both the conductors are insulated with cleats which are 
supported on one running-board. At /// guard strips are 
shown. Fig. 252 illustrates a method of supporting a runm'ng- 
board from a ventilating or similar duct. Fig. 253 shows a 
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"reinforced" runniiig-board for long spane such as those en- 
countered in Bteel-f rame mill buildings. 



Fig. 251. — Guard stripe and runnii^ boards for the protection of low- 
potential conductors where croeeing floor timbers and exposed to mechan- 
ical injury. 




I-Qoard Fastened to Duct E- Sectio 



ing board from a ventilating 




m- Plan of Board DT-Bottom 

Plate 

Fio. 263. — Reinforced running board for long spans. 

Conduit used to protect conductors crossing floor timbers 

in eqwsed locationB may be installed as suggested in Fig. 254. 
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This method is probably the safest and by far the moBt satis- 
factory one for mechanical protection in industrial plants or in 
other buildings where there is considerable traffic and liability 
to mechanical interference. 



^■Cei/ing 




Fio. 254. — Conduit protecting conductoiB croBsing floor limbers. 

26e. ^11. WIRES. Protection on side walla must extend not less 
than seven feet from the floor and must consist of substantial boxing, 
retaining an air space of one inch around the conductors, closed at the 
top (the wires passing through bushed holes) or approved metal conduit 
or pipe of equivalent strength. 



I-Ifroojlit Iron Condgit, 



Fro. 255. — Methods of protecting low-potential open-work conductors 
on side walls. (The distance marked "4^' minimum" in the above illus- 
tration should read "4H' maximum") 



Protection for open-work conductors on side walls is illus- 
trated by Figs. 255 and 256. The wooden boxing protection 
of Fig. 255, /, should be made of heavy material. The boards 
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should be at least J4 in- in thickness. Frequently instead of 
building a box around two cleats fastened to the wall aa shown 
in Fig. 265, /, it is desirable to first fasten a "backing board" 
to the wall and then build the protective boxing around this. 
The top of the boxing should be pitched as shown ao that 
things will not be laid on it 
and so that it will not collect 
dust. A " floor block " at 
least 2 in. thick should be 

nailed on the floor at the ^ 

bottom of the box to raise 
the head of the tube from 
the floor level so that scrub- 
bing water will not drain 

into it. Short porcelain » 

tubes, not more than 1}^ in. 
long for %-m. boards, should 
be used in the top of the box. 
If longer tubes are used, they 
are liable to breakage. In 
exposed locations the comers 
of the boxing should be pro- 
tected with angle iron. The 
illustration shows the mini- 
mum advisable dimensions 
for protective boxing. These 

dimensions are in accordance with the requirements of Rule 
26k. Where it is possible to do so, it is advisable to use 
greater clearances than those illustrated. The boxing shown 
is for low-potential conductors. Fig. 196 deiineatea the con- 
struction which should be used for seriea-lighting-circuit wires, 
26e. ^III. WIRES. When metal conduit or pipe is used, the insula- 
tion of each wire must be reinforced by approved flexible tubing ex- 
tending from the ineultLtoT next below the pipe to the one next above it, 
unless the conduit is installed according to No. 28 (Sections e and / 
excepted), and the wire is approved for conduit use. The two or more 
vires of a circuit each with its flexible tubing (when required), if carry- 
ing alternating current musf, or if direct current, may be placed within 
the same pipe . 
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Either conduit or common wrought-iron pipe may be used 
for side-wall protection as shown in Fig. 255, 77, and Fig. 
256, respectively. However, there are special requirements 
to be observed with each of these methods of side-wall 
protection, as will be outlined. 

Where wrought-iron conduit is used for side-wall protection 
and double-braided rubber-insulated conductors are installed 
within it, no further protection is necessary on the conductors 
provided each of the ends of the conduit is equipped with an 
approved outlet box or fitting. At Fig. 255, 77, the upper end 
of the conduit is equipped with an approved fitting having a 
porcelain outlet plate which separates and insulates the wires 
where they pass through it. At the bottom end of the conduit, 
an outlet box having three of its knockout holes bushed with 
porcelain is deUneated. The two different methods are shown 
on the one condiut merely for illustration. Either one of the 
methods can be used at both ends of the same conduit. Where 
conduit is used for the side-wall protection of rubber-insulated 
wire the same rules apply as with any conduit installation 
except that: (1) it is not necessary to ground the conduit, and 
(2) the wire to be protected may be installed in the conduit 
before the mechanical work of the building is completed. 

Where a length of conduit for wire protection on side walls 
or ceilings is more than 10 or 12 ft. long it is the frequent prac- 
tice with wiring inspectors to then consider the tubing as a 
conduit system and to require that it be grounded and meet 
all the requirements of Rules 26n, o and p, and 28. 

Where ordinary wrought-iron pipe is used for side-wall 
protection the conductors protected (which may have. Rule 
26flr, either rubber, slow-burning- weatherproof, or slow-burn- 
ing insulation) must be, where they pass through the pipe, 
protected by flexible tubing, as shown in Fig. 256. The tubing 
must extend from the next insulator above the upper end of 
the pipe to the next one below the lower end. The tubing 
should always extend at least 4 in. beyond each end of the 
pipe. 

26e. 1[777. Note. WIRES. In damp places the wooden boxing 
may be preferable because of the precautions which would be necessary 
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to secure proper insulation if the pipe were used. With this exception, 
however, iron piping is considered preferable to the wooden boxing, and 
its use is strongly urged. It is especially suitable for the protection of 
wires near belts, pulleys, etc. 

The advantages of the iron-pipe method of side-wall pro- 
tection are given in the Factory Mutual Book op Rules, 
substantially as follows: (1) It requires but little space and 
is therefore much less subject to interference than is the 
wooden boxing. (2) It is very strong mechanically, provid- 
ing ample protection to the conductors against mechanical 
interference. (3) It provides an excellent ready-made floor 
bushing which is not easily broken. (4) The amount of 
combustible material involved is considerably less than with 
the wooden-boxing method. 

26/. 1[7. WIRES. When run in unfinished attics, or roof spaces, 
will be considered as concealed, and when run in close proximity to water 
tanks or pipes, will be considered as exposed to moisture. 

Wires run near water tanks or pipes are considered as ex* 
posed to moisture and should therefore be installed in accord- 
ance with the requirements of Rule 26t, if the wiring is done by 
the open-work method. Probably the conduit method is the 
best one for wiring in damp places. Rigid conduit should be 
used. In wiring around a water tank in an unfinished attic, 
as for example, in Fig. 257, the conduit method is the only one 
permitted. Rigid conduit must be used in the portions of the 
run exposed to moisture but the intermediate wiring may be 
installed in flexible conduit or in accordance with one of the 
other approved methods. Neither metal nor wooden molding 
{Bide 261) is permitted in damp locations. 

26/. 11/7. WIRES. In unfinished attics, or roof spaces, wires are 
considered as exposed to mechanical injury, and must not be run on knobs 
on upper edge of joists. 

Wiring in unfinished attics or roof spaces is considered as 
concealed wiring,that is, the conductors must be carried through 
bushed holes in the timbers just as in the partitions and 
joists in the lower stories of the buildings. In other words, 
open-work wiring on knobs or cleats with slow-burning or 
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Blow-burning-weatherproof wire is not permitted in unfinished 
. attics or roof spaces. 

Wires should not be carried on knobs on the upper edges of 
joists in attics or roof spaces because such places are frequently 
used for storage, and are subject to mechanical interference 
from workmen ; hence there is always the liability of the wires 





Fia 257 — Rigid-coaduit winng in locations exposed to dampness. 



being disarranged and things being placed on them. The 
wires should, if the run is along the length of the joist, be 
supported on knobs nailed on the sides of the timbers. If the 
runs are at right angles to the direction of the joists the wires 
should be carried through holes in the joists bushed with 
porcelain. The word "unfinished" in Rule 26/, If//, could be 
omitted without changing the intent of the rule, because if an 
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attic is finished (has a floor) it is obviously impossible to run 
wires on knobs on the tops of the joists. 

SPECIAL RULES 

FOR OPEN WORK 

Exposed or open work is not permitted in all municipalities. 
In Louisville, Ky. (Electrical Review, Dec. 25, 1915, page 1149) 
open-work wiring is not allowed, the requirements being that 
all wiring shall be enclosed in metal conduits or in metal 
molding. This requirement insures that practically all wiring 
will be installed by responsible concerns and hence, subject 
to inspection. 

In dry places. 

26^. \I. WIRES— OPEN, DRY PLACES. Must have an approved 
rubber (Type Letter R. S. for wires smaller then No. 6 B. & S. gage and 
Type Letter R. D. for wires No. 6 and larger), slow-burning weather- 
proof (Type Letter S. B. W.), or slow-burning insulation (Type Letter 
S. B.). 

Wire for open-work installation in dry places may have 
either: (1) approved rubber insulation, (2) slow-burning- 
weatherproof insulation, or (3) slow-burning insulation. For 
these conditions, where the voltage does not exceed 550, wire 
with slow-burning insulation is frequently used, particularly 
in industrial-plant installations. Its advantages for such 
service are: (a) it costs less than rubber-insulated wire; 
(6) it will not carry fire; (c) lint and dust does not collect on 
the insulating coating of the wire because it has a relatively 
hard smooth outer surface. 

Rubber- and slow-burning-weatherproof insulated wires 
have rough outer surfaces, which, when warm, become sticky. 
Hence dust or lint collecting on such wires adheres and is not 
readily brushed off. Wires having slow-burning insulation 
should always be used (where the voltage does not exceed 550) 
where a large number of conductors are grouped together. 
If wires having rubber or weatherproof insulations are used 
in such locations, their insulating coverings comprise in the 
aggregate a relatively large amount of combustible material 
which increases fire hazard. 
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26ft. V- WIRES— OPEN, DRY PLACES. Must be rigidly sup- 
ported on non-combuBtible, non-absorptive insulators, which will sepa- 
rate the wires from each other and from the surface wired over in accord- 
ance with the following table: 



VolW«» 


Dtotaoce from Butlaoa 


Di«.,«,bet™»Wi™ 


to 300 

301 to 550 


Hinch 
linch 


2Minoh 
4 inch 



The FPi"'"i"ni clearances for open-work conductors where 
the voltage does not exceed 550 are illustrated in Fig. 258. 
For 300 volts or less the separation between wires must be at 
least 2}^ in. and the wires must be separated at least }^ in. 



1 - For to 300 Volts n-For 30lto350\A)lt5 

Fig. 258. — Sectional view showing minimum permissible clearances 
for interior open work in dry places. (Open wires should never be run 
along and over a horizontal suilace but they may be run along and under 
supported from— a horizontal surface.) 

from the surface wired over. The wires may be carried either 
on porcelain cleats as shown in the illustration, on solid knobs 
{Rvle 166, \I) if they are bigger than No, 8 and on spUt knobs 
if they are smaller, or each wire may be supported by a series 
of single-wire porcelain cleats. For voltagea of 301 to 550 
the wires should be at least 4 in. apart, as shown at //, and at 
least 1 in. from the surface wired over. The wires may be 
carried on either porcelain knobs or cleats provided the provi- 
sions of Rule 166, \I, are satisfied. 

26A. H//. WIRES— OPEN, DRY PLACES. Rigid supporting re- 
quires under ordinary conditions, where wiring along flat surfaces, sup- 
ports at least every four and one-half feet. If the wires are liable to be 
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disturbed, the distance between supports must be shortened. In build- 
ings of mill construction, mains of not less than No. 8 B. & S. gage, 
where not liable to be disturbed, may be separated about six inches, and 
run from timber to timber, not breaking around, and may be supported 
at each timber only. 

Open-work conductors should ordinarily be supported at 
least every 4 ft. 6 in., as experience has shown that if the sus- 
taining insulators are located further apart than this, the 
wires may sag or contact with the supporting surface or with 
other conductors. Furthermore, if the supports are too far 
apart the shrinkage of timbers or vibration may materially 
disarrange the circuits. In locations where the conductors 
are hable to interference, such as where ceilings are low or in 
the vicinity of belts or machinery, the insulating supports 
should not be more than a foot or so apart. 

Wires supported at the ceilings in mill buildings may, pro- 
vided that they are No. 8 or larger, be supported only at each 
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Fig. 259. — Conductor supported at each beam in mill-construction 

building. 
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Fig. 260. — ^Wiring in mill building supported between beams. 



beam as shown in Fig. 259, provided they are separated at 
least 6 in. As indicated in the illustration, there is always a 
clear space between such beams (they are usually located 8 ft. 
or 10 ft. apart) in buildings of mill construction, so that the 
possibility of the conductors contacting with any material 
between supports is remote. Frequently, it is desirable to 
arrange intermediate supports as suggested in Fig. 260. 
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In carrying wires on cleats around timbers, where it is de- 
sired to maintain the number of cleats used to a minimum, it 
is better to locate the cleats which must be supported on the 
ceiling about 3?^ in. from the timber around which the wires 
are being carried, as shown in Fig. 261, /, rather than to set 
the cleats close to the timber. Where the cleats are too close 



lUlres Held anai) from Beam. It- Wires Close to Beam 

Fia. 261.' — Carrying conductors around beams on cleats. 

to the beam the vertical portions of the wire are liable to con- 
tact with the timber. Probably the best arrangement is to 
use an additional set of cleats as shown in Fig. 261, II, in 
which case the wires He reasonably close to the timbers and 
yet are prevented from contacting therewith. 

26A. VII. WIRES— OPEN, DRY PLACES. Must not be "dead- 
ended" at ft rosette, socket or receptacle unless the last support is within 
twelve inches of the same. 

Open-work conductors should not be dead-ended at a 
rosette, socket or receptacle unless the rosette is within 12 in. 
of the last support. Fig. 262 illustrates the meaning of this 
requirement. 






i:£g«: 



1 - Correct n ■ Incorrect 

Fio. 262. — Illustrating the "dead endmg" of conductors at a receptacle. 

In damp places, or buildings specially subject to moisture or 
to add or other fumes liable to injure the wires or their insulation. 

Wiring in damp places is usually subject to special require- 

oients of the local inspection bureau. It has been found ex- 
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tremely diflScult to install wiring in these locations which will 
remain serviceable permanently. New devices and methods 
for service in damp places are constantly being developed so 
that the local inspectors should always be consulted in regard 
to the latest and safest methods before an installation is made. 
Some information concerning damp-place wiring is given in 
the author's American Electricians' Handbook. 

26t. 1[/. WIRES— OPEN, DAMP PLACES. Must have an approved 
insulating covering. For protection against water, rubber insulation 
must be used. For protection against corrosive vapors, either weather- 
proof or rubber insulation must be used. 

26i. f 7. WIRES— OPEN, DAMP PLACES. Must be rigidly sup- 
ported on non-combustible, non-absorptive insulators, which separate 
the wire at least one inch from the surface wired over, and must be kept 
apart at least two and one-half inches for voltages up to 300, and four 
inches for higher voltages. 

26i. VI' WIRES— OPEN, DAMP PLACES. Rigid supporting re- 
quires under ordinary conditions, where wiring over flat surfaces, sup- 
ports at least every four and one-half feet. If the wires are liable to be 
disturbed, the distance between supports must be shortened. In build- 
ings of mill construction, mains of not less than No. 8 B. & S. gage, where 
not liable to be disturbed, may be separated about 6 inches, and run from 
timber to timber, not breaking around, and may be supported at each 
timber only. 

Open-work conductors on mill-building ceilings subject to 
dapipness may be installed in accordance with practically the 
same requirements as apply to similar conductors in dry places 
specified in and described under Rule 26fe, If//, and as illus- 
trated in Fig. 259. 

FOR MOULDING WORK (WOODEN AND METAL) 

(See No, 29. For construction of Mouldings see No, 60) 

26A:. If/. WIRES— MOULDING. Must have an approved rubber 
insulating covering (Type Letter R. S. for wires smaller than No. 6 
B. & S. gage and Type Letter R. D. for wires No. 6 and larger), and must 
be in continuous lengths from outlet to outlet, or from fitting to fitting, 
no joints or taps to be made in moulding. Where branch taps are neces- 
sary in moulding work approved fittings for this purpose must be used. 

Wire for use in molding should have good (approved rubber) 
insulation because the conductors in molding, particularly in 
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metal molding, lie close together. Furthermore, metal mold- 
ing is always grounded; hence the insulation on the conductors 
in it is all that prevents them from contacting with each other 
or with ground. Wires having weatherproof or slow-burning 
insulation will, in most cases give trouble ultimately if they are 
installed in molding, particularly where subject to dampness. 

There should be no joints or splices within a molding 
system except at outlets, because the insulation on a splice is 
always inferior to that on the imimpaired conductor and 
furthermore the bulkiness of a splice frequently, when the 
wires are in wooden molding, renders it necessary to cut away 
a portion or all of the tongue (in the molding base) which 
should always separate the conductors from one another. 
This weakens the base and may result in short-circuits. Also, 
experience has shown that there is a tendency on the part of 
wiremen to leave imsoldered and untaped the joints in mold- 
ing, if such are made, and they frequently burn the batjking 
when soldering splices. 

Approved fittings must be used wherever it is necessary to 
splice or tap to a wood-molding-wiring conductor. In these 
fittings the wires are jointed together with screw binding posts, 
rendering the use of solder unnecessary. See the author's 
American Electricians' Handbook for additional data on 
molding wiring. 

Why wires are permitted in wood moldings and are not, 
when installed in accordance with the other methods of wiring, 
allowed to touch wood is a question that is sometimes asked. 
The wires in a molding installation are installed in a specially 
prepared protecting raceway and should, under the conditions 
(dry places only) where molding wiring is permitted, provide 
adequate security to the conductors. On the other hand, 
wiring installed in accordance with the other methods is not 
permitted to touch wood because with these other methods the 
wires can be run in locations where the wood might become 
damp and result in grounds on the circuit and consequent fire 
hazard. 

The use of wooden molding is being discontinued in spite 
of the fact that the Code permits its use under certain condi- 
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tions. Metal molding ia Bafe and is being widely applied but 
in certain cities, in New York and St. Louis for example, the 
installation of wooden molding is prohibited by the local mu- 
nicipal rules. 

2«. f7. WIRES— MOULDING. Must never be placed in either 
metal or wooden moulding in damp locations; must never be placed in 
either metal or wooden moulding in concealed locations or where the 
difference of potential between any two wires in the same system is over 
300 volts. Wten the electrical construction is being carried out in metal 
moulding, penniasion will be given to extend these mouldings through 
walls and partitions if the moulding and capping are in continuous lengths 
where passing through the walls and partitions. Not more than four 
No. 14 B. & S. gage rubber covered wires, and no single circuit of more 
than 1,320 watts shall be used in metal moulding. 



I-OnBacking H-OnCieols 

Fia, 263. — Proper methods of installing wooden molding on outside of 
brick or stone walls. 

Molding wiring should never be installed in damp places. 
This applies to wiring in metal as well as to that in wooden 
molding. The conductors are close together and further- 
more the structure of the molding is such that moisture can 
readily enter it. Hence if it is used in a damp location, low 
resistance to ground and between conductors will result and 
trouble will, probably, ultimately occur. If the wood mold- 
ing becomes damp, it may, at a weak point in the insulation 
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on the conductors, constitute a high-resistance conducting 
path and carry current until it chars. Then it will ignite 
readily and may start a fire. 

Outside brick and masonry walls are considered as damp 
places. Therefore, either metal or wood molding when it 
is carried along such walls should be separated therefrom in 
accordance with methods similar to one of those suggested 
in Fig. 263. The backing or cleats on which the molding is 
supported should be thoroughly 
painted or impregnated to pre- 
vent its absorbing moisture. 

Where wood molding passes 
through floors it may be ar- 
ranged somewhat as suggested 
in Fig. 264. A floor block at 
least 2 in. high should be fas- 
tened to the floor and holes 
bored through this block to ac- 



commodate the porcelain tube bushings for the conductors. 
The function of a floor block is to raise the heads of the 
tubes high enough above the floor so that scrubbing water 
cannot enter them. The floor block and the lower end of 
the molding above it should be protected by wooden boxing, 
not shown in the illustration. Specially manufactured de- 
vices or " kick plates" (see American Electhicianb' Hand- 
book) can be procured to protect molding where it passes 
through a floor. 

The method of carrying a metal molding nm through a 

partition is shown in Fig. 265. The base and capping of the 
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molding must be continuous through the partition, that is, 
there must be no joints within the partition space. 

Hardwood wooden molding only is accepted in certain cities 
(where the use of wooden molding is allowed) it being main- 
tained that the soft wood or white wood molding is of suflScient 
strength to properly perform its function. 

In supporting wood molding care must be taken not to cut 
away too much of the groove in the backing. The tendency 
is, particularly when the molding is being clamped to the 
supporting surface with toggle bolts, to cut large gaps in the 
tongue of the backing. This weakens the backing and may 
permit the electrical contact through the nut on the toggle 
bolt of the conductors of opposite polarity in the molding. 

The places where molding should not be used (this applies 
to both wood and metal molding) are, in cellars, in damp 
places, out of doors, or in elevator shafts (Rule I6g, ^/). 
In some cities, the use of molding is prohibited in churches and 
auditoriums. Wood molding should not be used in show 
windows, because of the Uability in these locations of nails 
and tacks being driven through the capping and into contact 
with the conductors. 

26m. V' WIRES— MOULDING. Must for alternating current- 
systems if in metal moulding have the two or more wires of a circuit 
installed in the same moulding. 

For alternating-current circuits in metal molding all of the 
wires of the circuit must be installed in the same molding 

because of the possible eddy-current and inductive-drop diflS- 
culties that may be encountered where one wire of such a cir- 
cuit is installed in a molding. The reasons for this require- 
ment are the same as those which dictate similar regulations 
for wiring in wrought-iron conduit and which are discussed 
under Rule 26p, ^/. 

26m. ^I. Note. Wires — Moulding. It b suggested that this be done for direct 
current systems also, so that they may be changed to alternating systems at any time, 
induction troubles preventing such a change if the wires are in separate mouldings. 

FOR CONDUIT WORK 

The following rules concerning conduit work apply, in general, 
to both flexible and rigid metallic conduit. There are no rules 
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in the Code applying only to flexible steel conduit. However, 
some of the rules for armored cable under Rule 27 may be 
taken as applying to flexible steel conduit. 

The function of a conduit system is to provide a permanent 
raceway for the protection of electrical conductors which will 
permit the withdrawal and replacement of the conductors 
if such is desirable or necessary. Rigid conduit, which is 
specially treated steel pipe, and the pressed-steel outlet and 
terminal boxes are obviously well qualified to protect the 
conductors encased in them from mechanical injury. It will 
also prevent the spread of fire outside of the conduit system 
in case the insulation on the conductors within the system 
becomes ignited because of an accidental ground or short- 
circuit. A conduit system should of itself have relatively high 
electrical conductivity because under certain abnormal con- 
ditions (which are discussed later), the pipes and other metal 
of the installation may carry current. Hence a conduit 
system must have suflScient conductivity that it can carry 
such currents for the short periods that will ensue before the 
cut-out (fuse or circuit-breaker) protecting the circuit operates 
and discontinues the circuit. Normally, the conduit does not 
and should not carry current, but under abnormal conditions 
it may carry current and must be proportioned and assembled 
accordingly. 

Rigid conduit provides the safest and best of all of the 
methods of wiring and should, in general, except under certain 
special conditions, be used in preference to any of the other 
methods. Its disadvantage is that it is the most expensive, 
with the possible exception of certain special forms of wiring. 

26w. f 7. WIRES— CONDUIT. Must have an approved rubber in- 
sulating covering, and within the conduit tubing must be without splices 
or taps. Must be double braided (Type Letters R. D.) for twin, twisted 
pair or multiple conductor cables and for all single conductors of No. 6 
B. & S. gage and larger. 

26n. 1[//. WIRES— CONDUIT. Slow burning insulation may, how- 
ever, be used in permanently dry locations where excessive temperatures 
are present, provided special permission in writing be given in advance. 

Rubber-insulated wire must be used in conduit except in 
hot, permanently dry locations. Obviously, the conductors 
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of opposite polarity within a conduit are very close together 
and the insulation resistance between them is determined 
almost solely by the quantity and quality of material (insula- 
tion) in which the copper wires are encased. It is evident 
then that only the very best and most effective materials 
should be used for insulating these conductors. Prior to 
the issuance of the 1915 Code, double-braided, rubber-insulated 
conductors were required for conduit work. Experience has 
shown, however, that single-braid insulation is ample for this 
service for conductors smaller than No. 6 B. & S. or American 
wire gage. Now single-braid rubber insulation is approved 
for conductors smaller than No. 6, for knob-and-tube, molding, 
conduit and open work, rendering it unnecessary for the dealer 
to stock these wires with two kinds of insulations as was for- 
merly required. 

Splices or taps should never be made within the conduit 
tubing because a spUce or a joint is of necessity weaker elec- 
trically than the unimpaired conductor. If spHces were per- 
mitted within the conduit tube, the insulation strength of the 
system would be materially weakened. (SpUces and taps 
should, as will be hereinafter shown, be made only in accessible 
outlet or junction boxes.) Furthermore, a splice is of necessity, 
if it is made in accordance with the Code (Rule 16c, ^I) of 
greater overall diameter than the conductor in which it is 
made. Therefore, if a spUce is drawn into a conduit tube, 
there is danger of the insulation round the splice being dis- 
turbed and of the joint being injured mechanically. 

26o. 117. WIRES—CONDUIT. Must not be drawn in untU all 
mechanical work on the building has been, as far as possible, completed. 

The conductors of a conduit system should not be drawn 
in until the mechanical work in the structure has been com- 
pleted« This is necessary in order to prevent unauthorized 
workmen from damaging the insulation on the conductors 
or the conductors themselves, where they extend from the 
outlet boxes, and furthermore, to insure that the conductors 
can actually be removed and replaced after the building is 
finished. Frequently conduit in a building under construction 
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is battered and crushed after its installation, even when the 
building is nearly completed. If the conductors were already 
in such tubes they might be wedged, preventing withdrawal. 
Furthermore, if the wire is pulled into a conduit system before 
the runs are fully encased in floors and partitions the wireman 
may, if he experiences difficulty, open a conduit run at a run- 
ning thread joint or at a coupling, to faciUtate his work, and 
pull in wires both ways from a break thus made. Obviously, 
conductors installed by such methods may be impossible of 
removal. 

26o. yi. WIRES— CONDUIT. Conductors in vertical conduit 
risers must be supported within the conduit system in accordance with 
the following table: 

No. 14 to inclusive every 100 feet. 

No. 00 to 0000 inclusive every 80 feet. 

Above 0000 to 350,000 C. M. inclusive every 60 feet. 

Above 350,000 C. M. to 500,000 C. M. inclusive every 50 feet. 

Above 500,000 C. M. to 750,000 C. M. inclusive every 40 feet. 

Above 750,000 C. M. every 35 feet. 

Conductors in vertical conduit risers should be supported 

to prevent excessive strains due to the weight of the conductors 
being imposed on the lugs and binding posts of the switches or 
cut-outs to which the conductors connect. 

26o. VIL WIRES— CONDUIT. The following methods of sup- 
porting cables are recommended: 

26o. VII, 1. WIRES— CONDUIT. Approved clamping devices con- 
structed of or employing insulating wedges inserted in the ends of conduits. 

26o. VII. 2. WIRES— CONDUIT. Junction boxes may be in- 
serted in the conduit system at the required intervals, in which insulating 
supports of approved type must be installed and secured in a satisfactory 
manner so as to withstand the weight of the conductors attached thereto, 
the boxes to be provided with proper covers. 

26o. 11777. 3. WIRES— CONDUIT. Cables may be supported in 
approved junction boxes on two or more insulating supports so placed 
that the conductors will be deflected at an angle of not less than 90 de- 
grees, and carried a distance of not less than twice the diameter of the 
cable from its vertical position. Cables so suspended may be additionally 
secured to these insulators by tie wires. 

26o. 1I7F. WIRES— CONDUITS. Other methods may be used if 
specially approved. 
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There are three approved methods of supporting vertical 
conductors. The first method is illustrated in Fig. 266, III, 
where an insulated, wedge-aplit bushing is used in supporting 



I -On Insulator* n-WitK Cleat ffl-WithClamp 

Fio. 266. — Methods of supporting cnnductora in vertical risers. 

the conductor. The bushing shown in the illustration is 
clamped in a yoke which rests on the top of the conduit but 
similar non-combustible insulating bushings (Fig. 267) which 



l-One Conductor n-Two Conauclor lU - Three Conducfor 



require no yoke are manufactured for clamping one, two and 
three wires. These bushings are arranged to wedge down into 
the conduit bushings which are screwed on the upper ends of 
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ruDB of tubing. Fig. 266, II, and Fig. 268 show methods of 
supporting vertical conductors with clamps mounted in junc- 
tion boxes. At // the insulating clamp consists merely of a 
two-piece porcelain cleat attached to the back of the junction 
box with a couple of bolts. The insulation is not removed 
from the conductor; hence the clamp exerts its action by biting 
into the insulating material. 

In Fig. 268, a method used for heavy conductors, the clampa 
are of metal and are soldered directly to and clamped over the 
conductors to be supported. As shown, the braid and rubber 



must be removed from the conductor before the clamp is 
applied. Inaulation is provided by the slate slab fastened in 
the back of the junction box. The minimum distance, D, 
between the two bare metal clamps of opposite polarity is 
determined by the voltage between the conductors and should 
be in accordance with the requirements of Rule 696 which 
specifies the allowable spacings between live metal parts on 
panel boards. Fig. 266, I, shows a method of supporting a 
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conductor by deflecting it at an angle of not less than 90 deg. 
Tie-wires may be used with this arrangement but are fre- 
quently unnecessary. 

Where supporting a number of conductors in a vertical run 
the usual practice is to arrange steel junction boxes at intervals 
and to install in each of these boxes a suflScient number of 
supports, of one of the types shown, for all of the conductors 
in the run. That is, it is unnecessary to use, as the illustra- 
tions indicate, a separate junction box for each conduit in the 
nm. One large jimction box inserted in the run can be ar- 
ranged to enclose all of the supports for all of the conductors 
in the run. 

Strain insulators and turn buckles are often used at the 
upper end of a vertical run to assume the vertical stress, but in 
addition the supports as described in the preceding paragraphs 
should also be used. 

26p. H/. WIRES— CONDUIT. Must, for alternating systems, have 
the two or more wires of a circuit drawn in the same conduit. 

Where alternating-current conductors are in conduit all 
of the wires of a circuit — two wires for a single-phase circuit 
or three wires for a three-phase circuit — ^must be in the same 
tube. Where a single wire carrying alternating current is by 
itself in a conduit, eddy currents are induced in the tube which 
may, imder certain conditions, heat it to a dangerous tem- 
perature. Furthermore, where a single alternating-current 
conductor is in an iron tube, the voltage drop in the circuit 
is materially increased because of the inductive coimter e.m.f. 
due to the presence of the iron around the conductor. Where 
all of the conductors of the circuit are in the same tube the 
tendency toward the production of eddy currents and toward 
the development of excessive inductive drops is practically 
eliminated. 

26p. tr. Note. WIRES— CONDUIT. It is suggeeted that this be done for direct 
current systems also, so that they may be changed to alternating systems at any time, 
induction troubles preventing such a change if the wires are in separate conduits. 

All of the conductors of a direct-current system need not 
be in the same tube because with direct currents the eddy 
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currents and inductive effects above referred to do not exist. 
However, the liability of a change-over from direct to alter- 
nating current always exists. There have been cases where in 
changing over direct-current systems, that were wired one 
conductor to a tube, to alternating-current systems, it was 
necessary to tear out and replace the whole installation 
because of the dangerous heating that developed in the ducts 
containing one wire when an attempt was made to use them in 
alternating-current service. 

26p. VI, WIRES— CONDUIT. Except in the case of stage pocket 
and border circuits the same conduit must not contain more than four 
two-wire, or three three-wire circuits of the same system, except by special 
permission, and must never contain circuits of different systems. 

The number of conductors in any one conduit should be 
minimized in order to reduce the amount of combustible 
(insulating) material in the conduit, and also because where a 
considerable number of wires is placed in one duct they may 
wedge, rendering withdrawal diflScult or impossible. See 
discussion under Rules 38, and 39 for information relative to 
stage border light and pocket wiring. 

FOR CONCEALED "KNOB -AND -TUBE" WORK 

Knob-and-tube wiring was formerly used in practically all 
frame buildings and still finds wide application. Its installa- 
tion is, however, now prohibited in certain cities — Chicago, 
Milwaukee and Denver, for instance — where, by municipal 
ordinance, conduit or armored-cable wiring only is permitted 
for concealed work. Knob-and-tube is the cheapest of all of 
the methods of concealed wiring and can, obviously, be used 
only in frame buildings or in brick or masonry buildings 
with wooden floors and partitions. See the author's American 
Electricians' Handbook for additional information relative 
to knob-and-tube wiring. 

The disadvantageous features of knob-and-tube wiring 
are: (1) The conductors are unprotected from mechanical 
injury. (2) A fire originating in rubber insulation on one of 
the conductors will readily follow along that conductor and 
may ignite adjacent timbers. (3) Even, if when the installa- 
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tion is made, all of the conductors are thoroughly insulated in 
accordance with prescribed practice, there is no assurance that 
they will remain so. The warping and shrinkage of timbers, 
the settling of the building and the breakage of the brittle 
porcelain knobs and tubes may permit the conductors to con- 
tact with damp wood or grounded pipes. (4) The porcelain- 
tube bushings used for protecting the conductors through joists 
may, and often do, back out of the timbers and permit the 
conductor to contact with them. (5) Grounded metal work, 
such as pipes, steel beams and girders, are liable to be placed 
in contact with the conductors after they are installed, but 
before the building is finished. Sometimes these interfering 
members may be placed after the building is finished. (6) 
Building tradesmen, other than wiremen, may, after the wire- 
man has left the job and prior to plastering, place members in 
contact with the conductors. 

26g. 1[/. WIRES— CONCEALED "KNOB AND TUBE." Must 
have an approved rubber insulating covering (Type Letter R. S. for wires 
smaller than No. 6 B. & S. gage and Type Letter R. D. for wires No. 6 and 
larger). 

Knob-and-tube-wiring conductors should have rubber 
insulation. It is apparent from a consideration of the above 
outlined disadvantageous features of the method that only the 
very best insulation should be used because of the possibility 
of the conductors touching wood or metal work. Rubber is 
the best insulation for conductors that is commercially 
available. 

26r. If/. WIRES— CONCEALED "KNOB-AND-TUBE." Must 
be rigidly supported on non-combustible, non-absorptive insulators which 
separate the wire at least one inch from the surface wired over. Should 
preferably be run singly on separate timbers, or studding, and must be 
kept at least five inches apart. 

Knobs giving a 1-in. separation from the surface should be 
used in knob-and-tube work (Fig. 269). Porcelain cleats do 
not ordinarily provide this separation; hence they should not 
be applied. 

The conductors should always be run on separate timbers 
where possible as shown in Figs. 269, 270, and 271, 7, to reduce 
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the liability of their touching one another. Even where the 
5-in, separation, which is prescribed for knob-and-tube' work, 
can be maintained between the conductors it is better to 
support them on separate timbers where feasible. 



The details of an entrance into a frame building in a knob- 
and-tube installation are shown in Fig, 272. The entrance 



FiQ. 270. — Showing application of "plaster or mud tubes." 

switch is located in the basement and the conductors are carried 
thereto from the entrance outlet down in the outside wall space 
between studs. 
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1- On Separate studs Q-Wires 5'AporJ 

I. 271. — Showing proper arrangement ot. conductors in knob-and-tube 



I-Elevotion n-5ection 

Fig, 272. — Knob-and-tube entrance into a frame building. 
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26r. VI' WIRES— CONCEALED "KNOB-AND-TUBE." Must 
be separated from contact with the walls, floor timbers and partitions 
through which they may pa^s by non-combustible, non-absorptive, 
insulating tubes, such as glass or porcelain. Wires passing through 
cross timbers in plastered partitions must be protected by an additional 
tube extending at least four inches above the timber. 

Where the conductors pass through tunbers the holes 
should be bushed with porcelain tubes as shown in Fig. 270. 
Joists should be similarly bushed. A damp timber may be 
a reasonably good conductor, hence this provision. 

"Plaster tubes" should be used where the conductors pass 
through horizontal timbers. These are sometimes called 
^mud tvbes.^' Their function is to prevent the plaster 
droppings from contacting with the conductor. Dry plaster is 
a fairly good insulator, but wet plaster is a good conductor 
and, furthermore, may have an injurious chemical effect on the 
wire and its insulation. "Plaster" or "mud" tubes are not 
made of plaster or clay but are porcelain tubes of identically 
the same dimensions and composition as the other tubes used 
for bushing the conductors through the timbers. 

26r. VIL WIRES— CONCEALED ''KNOB-AND-TUBE." Rigid 
supporting requires, under ordinary conditions, where wiring along flat 
surfaces, supports at least every four and one-half feet. If the wires are 
liable to be disturbed the distance between supports must be shortened. 

The minimum permissible distance between supports is 

4 ft. 6 in. as indicated in Fig. 270. That is, a knob should be 
placed at least every 4 ft. 6 in. along every conductor unless 
tubes, which in themselves constitute supports, are interposed 
between. Frequently, particularly in unfinished basements 
and in other places where the wires are Uable to mechanical 
interferences, it is well to locate the knobs 2 ft. 6 in. or 3 ft. 
apart. 

26r. If/7. WIRES— CONCEALED "KNOB-AND-TUBE." At 
distributing centers, outlets or switches where space is limited, and the 
five-inch separation cannot be maintained, each wire must be separately 
encased in a continuous length of approved flexible tubing. 

Where the wires cannot be separated, 5-in. flexible tubing 
should be slipped over the conductors for additional protection, 
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as shown in Figs. 273, 274 and in following illustrations. 
See discussion under Rule 26u, K/, 

Use plenty of knobs 8od tubes and flexible tubing to prevent 
the possibility of a non-insulated member contacting with the 
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conductors. Where there is any doubt as to the possibility 
of a future accidental contact, place another knob and tube or 
use more flexible tubing, as the case may require. Fig. 275 
shows an example of a comphcated knob-and-tube installation. 

26a. V- WIRES— CONCEALED 
"KNOB-AND-TUBE." When in 

a, concealed knob and tube system, it 
ia impracticable to place the whole of 
a circuit on non-combustible supports 
of glass or porcelain, that portion of 
the circuit which cannot be so sup- 
ported must be inBtalled with ap- 
proved metal conduit, or approved 
armored cable, except that if the 
difference of potential between the 
wires is not over 300 volts, and if 
the wires are not eiposed to mois- 
ture, they may be fished if separately encased conductors entering i 
enca«ed in approved flexible tubing, "netal outlet box. 
extending in continuous lengths from 

porcelain support to porcelain support, from porcelain support to out- 
let, or from outlet to outlet. 

Where conductors must be installed on or in brick or 
masonry walls, steel conduit is used as shown in Fig. 276. 
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Such walls, particularly outside walla, may be "damp places." 
They are so considered; hence a flexible-tubing-encaaed con- 
ductor should not be imbedded in them or should it be placed • 
where it will be imbedded in plaster. The illustration shows 
how the conduit is apphed in combination with knob-and-tube . 



FiQ. 275. — An example of a complicated knob-and-tube inetallation. 
Where, as in the examme shown in tnia picture, there are a large number 
of knob-and-tube conductore concentrated in one location it does not 
always appear to be feaaablo to adhere strictly to all of the Codb require- 
ments for knob-and-tube wiring. As a rule, it is not good practice to so 
dee^ any knob-and-tube installation, that as many circuits as shown 
above will originate from one distribution center or panel box. 

wiring. A conduit run must always terminate in an accessible 
outlet box or fitting, hence an accessible outlet box must be 
located where knob-and-tube wiring joins conduit wiring. 
Usually the outlet box, in which the junction is made, is lo- 
cated at a fixture or bracket outlet as shown in Fig, 276, so 
that the fixture canopy covers it after the installation haa been 
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completed. Either rigid conduit or flexible conduit may be 
installed in the brick walls, masonry or plaster. The installa- 
tion must be complete (and in the case of flexible conduit the 
walls should be dry) before the wire is pulled into the conduit. 
If flexible conduit is used, that of the ordinary type is usually 
acc^ited by wiring inspectors, but if the walls or location will 
always be damp, flexible conduit having a lead gasket wound 
within it (BXL) or flexible conduit otherwise manufactured in 



such a way as to be watertight is ordinarily required. Leaded 
armored cable may be used instead of conduit. 

2«. 1[/. WIRES— CONCEALED "KNOB-AND-TUBE." When ua- 
ing eitKer conduit or armored cable in mixed concealed knob and tube 
work, the requirements for conduit work or armored cable work must be 
complied with as the caise may be. 

When installing short conduit runs in combination with a 
knob-and-tube system the essential rules covering the in- 
stallation of conduit should be followed, that is, the conduit 
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should be continuous from outlet to outlet and must be fitted 
at all outlets with suitable steel outlet boxes, bushings and 
locknuts. The other rules relating to conduit installations 
also apply, in general, with the exception that it is not usually 
considered necessary to ground the short conduit runs. The 
conduits in these cases are frequently considered as conung 
under the head of protective runs and are, therefore, subject to 
the specifications of Rule 26e, If///, wherein it is specified that 
conduit used for side-wall protection need not be grounded. 
Some inspectors do not require the grounding of a protective 
conduit run unless the run is of excessive length. Ordinarily 
it is considered unnecessary to ground a run unless it has a 
length greater than 10 or 12 ft. 

26w. If/. WIRES— CONCEALED "KNOB-AND-TUBE.^' Must 
at all outlets, except where conduit is used, be protected by approved 
flexible tubing, extending in continuous lengths from the last porcelain 
support to at least one inch beyond the outlet. In the case of combina- 
tion gas and electric outlets the tubes on the wires must extend at least 
flush with the outlet ends of gas caps, and if box or plate is used, gas pipes 
must be securely fastened into the outlet box or plate to secure good 
electrical connection. 
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Fig. 277. — Conductors terminating at an outlet. 



Conductors should be encased in flexible tubing at all 
outlets (see Figs. 271, J, 273, 274, 277, 278 and 279 and other 
illustrations). This is, in a sense, merely a repetition of the 
requirement, previously cited, that all conductors should, 
in general, be encased in tubing if the distance between them 
is less than 5 in. The tubing should extend past the gas- 
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pipe cap at gas-and-electric-fixture outlets to prevent the 
unprotected conductor from contacting with the gas pipe. 

Also at a combination-fixture outlet, the pieces of tubing may 
be bound to the gas pipe with an iron or copper tie-wire as 
shown in Fig. 273, //, to hold them close together to insure that 




I-Ouflat In Ceiling tt-Outlet mBsom 

Fia. 278. — Flexible tubing used for bushing at outlets. 

the fixture canopy, after it is installed, will cover the wire ends. 
The tie wire also prevents the tubing from slipping down. In 
applying the tie-wire care should be taken not to draw it so 
tight as to cut the tubing. The tubing should extend at least 
1 in, beyond the wall or ceiling surface as shown in Fig. 271, 1, 

Only continuous lengths of 
tubing should be used fur 
wire protection at outlets. 
It is inadvisable and poor 
practice to slip several short 
lengths of tubing over the 
conductor because they are 
liable to separate, leaving the 
wire unprotected. The con- 
ductors should, prior to the 
completion of the job, be 

twisted together outside of the outlet as suggested in the illus- 
trations to prevent the tubing from slipping off. 

Every wire should be fastened by a knob at every outlet. It 

is not sufficient for it to merely pass through a tube near an 

outlet. This is particularly true in the case of outlets at the 

ends of long runs. Unless the knob is so located as to hold the 
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wire at the end of the rim, the wire is liable to sag back and 
touch wood or metal. Fig. 278 illustrates this point. 

2««. VI- WIRES— CONCEALED "KNOB-AND-TUBE." When 
the surface at any outlet b broken, it must be repaired so as to leave no 
holes or open spaces at such outlet. 

Holes around outlets should be closed with plaster because 
a draft may draw a flame from burning conductors or some 
other source into the partition space. This requirement is of 
particular importance in wiring finished frame buildings. 

28u. 117. Noi«. WIRE9— CONCEALED "KNOB-AND-TUBE." It uiuueated 
that apprmd outlet boxes or ptBl«a be iiutalled st b1] outleta in oonceHled "knob ftad 
tube" irurk, the wirce to be protected by apprettd fleiible tubina, eitendinf in 
oontLnuous lengtlu from the last poreelain aupport into the box. 

ST. ARMORED CABLES. 
(See aUo Ho. 26 ». For comlTwUion of Armored CobUe see No. 57) 

Armored cables are made by serving sheet-steel strips 
spirally around rubber-insulated copper conductors. The 
sheet-steel sheath affords a reasonably flenble protective cas- 



Fio. 280. ^Typical flexible-metallic-conduit installation. 

ing. Armored cable is then, merely flexible conduit with 
the two or three conductors, as the case may be, already in- 
stalled within it. However, the casing is wrapped t^htly 
around the conductors so they cannot be withdrawn. The 
sheath is constructed in practically the same manner as is 
flexible conduit. Numerous methods have been adopted by 
the different manufacturers for making armored cable and for 
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locking together the edges of the strip spurals. It is fre- 
quently used in finished-building wiring but is somewhat 
more expensive than conduit wiring, hence is applied only in 
cases where conduit cannot be conveniently used. It has 
the advantage that it can be fished with impunity through any 
place within a building. Fig. 280 shows a typical flexible 
or armored conduit installation. In general, the same installa- 
tion requirements apply for armored cable as for rigid and 
flexible-steel conduit. See the author's American Electri- 
cians' Handbook for additional information relating to the 
installation of armored cable and conduits. 

There are two kinds of armored cable : moistureproof and 
non-moistureproof. The construction of cables of the non- 
moistureproof type is such that moisture may and sometimes 
does enter the protective casing through the joints between 
the spiral strips. In the non-moistureproof types, the entrance 
of moisture is prevented either by a spiral lead gasket or by 
the inherent construction of the cable sheath. Cable of the 
type using the lead gasket is sometimes called leaded armored 
cable. Moistureproof cable should be used in places that are 
permanently damp. 

27a. f /. ARMORED CABLE. Must be continuous from outlet to 
outlet or to junction boxes or cabinets, and the armor of the cable must 
properly enter and be secured to all fittings, and the entire system must 
be mechanically secured in position. 

^ ^ ,S^ee/ r/ex/h/e Concfuif or 

Concfucfor^^ Uockwfs 7'",fi«teW^ Cah/e 





ffountfed ^cfge -"' Se^^crewj ^J^ 



I -For Small Conduit JI- For Large Conduit 
and Cable and Cable 

Fig. 281. — Connector used for securing flexiblensteel conduit and flex- 
iblensteel armored cable in wooden-panel boxes. 

The methods of securing armored cables m outlet boxes are 
illustrated in Figs. 281 and 282. A special fitting or connector 
(Fig. 281) must be used at the end of each cable run to pro- 
vide a means of attaching the cable in the outlet box and to 
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provide at the end of the sheath a rounded edge on which the 
conductors may bear. The same terminal connectors are 
used with armored cable as with flexible-steel conduit. 

Couplings cannot be used with armored cable. While 
couplings or "straight" connectors may be used for joining to- 
gether lengths of fiexible-steel conduit, they cannot be used 
with armored cable inasmuch as it must be continuous from 
outlet to outlet without joints or splices. Fig. 283 shows the 
application of couplings for joining rigid and flexible conduit. 




Couphngs should not be applied in this manner in armored- 
cible runs 

27a Vi ARMORED CABLES. In case of service connectionB and 
main runs this involves running auch' armored cable continuously into a 
main cut-out cabinet or gutter surrounding the panel boarJ, as the case 
may be 

27b V ARMORED CABLES. Must be equipped at every outlet 
with an approved outlet box or plato, as required in conduit work. 

276. 1//, ARMORED CABLES. Outlet plates must not be used 
where it is practicable to install outlet boxes. 

Outlet plates, Fig. 284, may be used with armored cable or 
with flexible conduit. In the plate illustrated, which is for 
a combination gaa-and-electric outlet, wedge-bushings are 
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provided for clamping the sheath of the cable or the conduit 
in the fitting and for providing a rounded edge upon which the 
conductor may bear. The hole in the center of the plate is for 
the admission of the gaa pipe and a set-screw is provided for 
securing the plate to the pipe and for grounding it thereon. 
276. VII- ARMORED CABLES. For concealed work in walls and 
ceilings composed of plaster on wooden joist or stud construction, outlet 
boxes or plates and also cut-out cabinete must be so installed that the 
front edge will not be more than one-tourth inch back of the finished sur- 
face of the plaster, and if this surface is broken or incomplete it shall he 
repaired so that it will not show any gaps or open spaces around the edges 
of the outlet box or plate or of the cut-out cabinet. On wooden walls or 
ceilings, outlet boxes or plates and 
cut-out cabinets must be so in- 
stalled that the front edge will 
either be flush with the finished 
surfaceor project therefrom. This 
will not apply to concealed work 

in walls or ceilings composed of , 

concrete, tile or other non-combus- 
tible material. ' , 

No gaps or open spaces ^"■^ 

should be left around OuUet , F»»- 284.--Ca8Uron outlet i)late 

, , . . . „ for flexible-steel conduit or flexible- 

boxes or plates set in walls steel armored cable. 

because of the possibility of 

flames originating In the outlet boxes being drawn to within 

the wall or partition. 

276. 1[/V. ARMORED CABLES. In buildings already constructed 
where the conditions are such that neither outlet box nor plate can be 
installed, these appliances may be omitted by special permission, provided 
the armored cable is firmly and rigidly secured in place., 

27c. 1|7. ARMORED CABLES. Must have the metal armor of 
cables permanently and effectually grounded to water piping, gas piping 
or other suitable grounds, provided that when connections are made to 
gas piping, they must be on the street side of the meter. If the armored 
cable system, consists of several separate sections, the sections must 
be bonded to each other, and the system grounded, or each section may 
be separately grounded, as required above. 

Armored -cable sheaths must be grounded for the same rea- 
son that dictates the grounding of conduit systems (Rule 28/, 
K/), Ground clamps are used for the purpose and they are 
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installed in substantially the same manner as are those used 
for conduit. See the Author's American Electricans ' Hand- 
book for additional information. 

27c. If//. ARMORED CABLES. The armor of cables and gas pipes 
must be securely fastened in outlet boxes, junction boxes and cabinets, so 
as to secure good electrical connection. 

27c. VII. ARMORED CABLES. If armor of cables and metal of 
couplings, outlet boxes, junction boxes, cabinets or fittings having pro- 
tective coating of non-conducting material, such as enamel are used, such 
coating must be thoroughly removed from the threads of both couplings 
and the armor of cables, and from surfaces of the boxes, cabinets and 
fittings where the armor of cables or ground clamp is secured in order to 
obtain the requisite good connection. Grounded pipes must be cleaned 
of rust, scale, etc., at place of attachment of ground clamp. 

27c. VV. ARMORED CABLES. Connections to grounded pipes 
and to armor of cables must be exposed to view or accessible, and must be 
made by means of approved ground clamps. 

27c. IfF. ARMORED CABLES. Ground wires must be of copper, at 
least No. 10 B. & S. gage (where largest wire contained in cable is not 
greater than No. 0. B. & S. gage), and need not be greater than No. 4 
B. & S. gage (where the largest wire contained in cable is greater than No. 
B. & S. gage). They shall be protected from mechanical injury. 

27c. \V. NOTE. ARMORED CABLES. The ground for the 
armored cable system is not to be considered as a ground for a secondary 
system (see No. 15). 

Armored -cable sheaths and the metal boxes in which they 
terminate should form an electrically continuous system which 
should be grounded* The reasons for these requirements are 
the same that dictate similar requirements for rigid and flex- 
ible conduit and which are discussed under Rules 28&, 1[/ 
and 28/, VI - 

27d. H/. ARMORED CABLES. When installed in so-called fireproof 
buildings in course of construction or afterwards if exposed to moisture, 
or where it is exposed to the weather, or in damp places, such as breweries, 
stables, etc., the cable must have a lead covering placed between the outer 
braid of the conductors and the steel armor. 

27d. H//. ARMORED CABLES. The lead covering is not to be 
required when the cable is run against brick walls or laid in ordinary 
plaster walls unless same are continuously damp. 

Flexible -Steel -armored cable installed in permanently 
damp places should have a lead protective covering interposed 
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between the rubber insulation on the wire and the steel 
protective sheath. Cable of this construction is known as 
leaded cable. In some localities armored cable without the 
additional lead sheath is not permitted for installation in fire- 
proof buildings in course of construction because these are 
considered damp places due to the fact that the conductors 
will be exposed to the weather and moisture. The leaded 
covering is not ordinarily required in brick or masonry inside 
walls that will, after the building is finished, be dry. The lead 
covering is frequently required for cables installed in outside 
walls or when the walls will be moist permanently. 

27e. If/. ARMORED CABLES. Where entering junction boxes, and 
at all other outlets, etc., must be provided with approved terminal fittings 
which will protect the insulation of the conductors from abrasions, un- 
less such junction or outlet boxes are specially designed and approved 
for use with the cable. 

Terminal fittings at outlet bozest Figs. 281 and 282, take 
the place of the locknuts and bushings used with rigid conduit 
and perform two functions. They hold the end of the armored 
cable or flexible-steel conduit in the box and also provide bush- 
ing, protecting the conductors from abrasion where they 
emerge from the spiral-steel-strip sheath. 

27/. H/. ARMORED CABLES. Junction boxes must always be in- 
stalled in such a manner as to be accessible. 

27g. V' ARMORED CABLES. For alternating current systems 
must have the two or more conductors of the circuit enclosed in one metal 
armor. 

27h, f/. ARMORED CABLES. All bends must be so made that the 
armor of the cable will not be injured. The radius of the curve of the 
inner edge of any bend not to be less than IJ^ inches. 

Armored cable and flexible condtiit must not be bent to too 
short a radius because, if it is, the sheath is liable to be opened 
at the joints and the conductors may contact with the de- 
formed inner layer of the sheet-metal sheath. 

Armored cable in joists should always be so located that floor- 
ing nails will not enter it. This applies also to flexible-steel 
conduit because it is possible to drive a nail through the 
sheaths of either. Hence, where carried through joists, the 
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holes through which they pass should be located far enough 
from the tops of the joists that the nails driven to secure the 
floor or for other purposes will not penetrate them. They 
should be carried through holes near the middle of the joists 
rather than through slots in the top of the joists. In New 
York City slots for conduit in the tops of joists are not per- 
mitted. There the conduit or armored cable must be carried 
in holes bored through the joists about midway between the 
upper and lower edges. 

28. INTERIOR CONDUITS. 

{See also No. 26 n to p. For construction of Conduit see No. 58, and for 
construction of Outlet Junction and Flush Switch Boxes see No. 59.) 
28a. If/. INTERIOR CONDUITS. No conduit smaller than one- 
half inch electrical trade size shall be used. 

Conduit Smaller Than 3^ -in* Nominal Diameter should not 
be Used. — ^No. 14 {RuU 16a) is the smallest size conductor 
permitted for wiring except in certain special cases. Experi- 
ence has shown that pipe of 3^^-in. nominal diameter is the 
smallest that will permit the ready insertion and withdrawal 
of two or three No. 14 rubber-insulated conductors. 

286. If/. INTERIOR CONDUITS. Must be continuous from outlet 
to outlet or to junction boxes or cabinets, and the conduit must properly 
enter, and be secured to all fittings and the entire system must be mechan- 
ically secured in position. 

A conduit system must be continuous from outlet to outlet 

for two reasons: Firsts to insure that the entire raceway or 
tunnel in which the wires are carried will have a strong metal 
casing which will protect the conductors against mechanical 
injury and also localize a fire within the conduit system if one 
should start. Second, so that it will be certain that the con- 
ductors can be drawn into the conduit system and withdrawn 
from it at any time without damage or abrasion. 

Every run of duct must terminate in an accessible steel outlet 
box in order to fulfill the requirements indicated above. Such 
an outlet box may be either a steel distribution cabinet, a 
steel switch box, a steel junction box or a fixture outlet box. 
Since the conductors must be without splices or taps in the 
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conduit, all splices or taps must be made in these steel outlet 
boxes. 

Loop routing of wiring is necessary in concealed conduit 
installations to satisfy the requirements that all splices be in 
accessible outlet boxes. In knob-and-tube or in open wiring, 



'Windoivs 




r^J'f£fffM/£Jf/£fIff/^. 



I -Wiring ?Wx\ 



Ceiling or Wall^Ouflef^ . 




n- Direct Routing 

(Knaband Tutfe Mring Concealed) 




t-\\\Sfr7g/e^le 



HI - Loop Rooting 
(CorrceaieM Conduit iV/rin^) 

Fig. 285. — Illustrating direct and loop routings for wiring. 

the conductors can ordinarily be laid out in accordance with a 
'* direct routing" as suggested in Figs. 285, // and 286, /. 
This is permissible, since in wiring in accordance with these 
methods, the splices or joints may be made at any convenient 
point. Figs. 285, ///, and 286, //, show how in conduit work 
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it is necessary to "loop" from outlet to outlet. It is usually 
cheaper to loop between outlets than it would be to insert 
additional junction boxes in which splices could be made 
whereby the looping could be eliminated. However, this is 



I- Oirtet Routing n- Loop Routing 

Fio. 286, — Comparison of direct and loop methods of routing. 

not always the case. For example, it might be more economical 
in the case shown 286, in //, to install junction boxes near the 
ceiling, accessible from the room at {wints A and B, than to 
loop down as shown. If the junction boxes were installed, 
only one run of conduit would 
be required between A and 
A' and B and B' whereas with 
the loop routing, illustrated 
two conduit runs are neces- 
sary between A and A' and 
B and B'. 

Conduit runs most extend 
into steel boxes — it is not 
sufficient that they extend 
merely up to the boxes. For 
Fio. 287.-ShowinK how knob-and- example, in Fig. 287 it would 
tube wiring joins conduit wiring. not be permissible for the 
conduit length AB to extend 
from B to point A just outside of box C. The conduit must 
enter every box. If it does not enter, insertion and with- 
drawal of conductors will be difficult or impossible. Fig. 
287 shows also how knob-and-tube wiring may join conduit 
wiring. Flexible tubing must encase the knob-and-tube con- 
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ductorB from the last point of support and extend into the 
conduit outlet box to prevent the edges of the knockout holes 
from abrading the insulation on the wires. 

The componeatB of a conduit system should be secured 
mechanically in position, that is, the tubing, outlet and junc- 



1- Motor outlet u- Meier uutict 

Fia. 288. — Showing application of approved outlet fittings. 

tion boxes, must be supported rigidly. Pipe straps, held with 
nails or screws, may, as shown in Fig. 288, be used for support- 
ing exposed conduit runs or concealed conduit runs in frame 
structures. Locknuts and bushings secure the conduit lengths 




I -Correct II- incorrect 

Fio. 289. — Correct arrangement of locknuts. 

in the outlet boxes as shown in Figs. 268 and 289. In fire- 
proof buildings, the conduit runs are imbedded in the walb 
and partitions and are thereby rigidly supported, as are the 
outlet boxes. In frame structures, the outlet boxes are held 
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with nails or screws driven through holes provided for their 
reception into wooden supporting strips. 

In placing locknuts on conduit ends, two should be used at 
the end of each run as shown in Fig. 289, /. If only one is 
used there is usually a possibility of the end of the tube shift- 
ing back and forth in the knockout hole as shown at II because 
ordinarily the bushing itself does not clamp down against the 
box side. Where vibration is 
present or where conditions 
are such that the shifting of 
the conduit is aggravated, the 
conductors carried within the 
duct may have their insula- 
tion abraded or they may be 
broken. 

2Sb. %II. INTERIOR CON- 
DUITS. In case of service connec- 
tions and main runs, this involves 
running each conduit continuously 
into a main cut-out cabinet or gutter 
surrounding the panel board, as the 

286. f///. INTERIOR CON- 
DUITS. Departure from this rule 
may be authorized in case of under- 
ground services by special permis- 



Service connection and main 

l-Eievation n-Section run conduits maybe arranged 

Fio. 290.^Service connection suggested in Fig. 290. Each 

and mam run conduits. . ■ , . 

run extends continuously be- 
tween steel cabinets, which are really outlet boxes of a special 
type. 

28c. V- INTERIOR CONDUITS. Must be first installed as a 
complete conduit Hystem, without the conductors. 

A conduit system should always be first installed complete 
without the conductors for the reasons given in a preceding 
Paragraph wherein it was noted that if the conductors are 
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placed within the tubes prior to the completion of the building 
there is always the possibility that they may be damaged or 
cannot be withdrawn. 

2Sd, If/. INTERIOR CONDUITS. Must be equipped at every out- 
let with an approved outlet box or plate. At exposed ends of conduit 
(but not at fixture outlets) where wires pass from the conduit system 
without splice, joint or tap, an approved fitting having separately bushed 
holes for each conductor must be used. Departure from this rule may 
be authorized by special permission. 

Steel outlet plates and boxes are formed as suggested in 
Fig. 291. These outlet plates and boxes have three distinct 
functions. The first is to .A>7^^«,/ji ...la^j. ^ ^ 

Ai_ i_ • 1 '-' ' :IJiiii'ii|_ •• rr^ssea 

insure the mechanical j>yrg/J/e»/ y<^^^^-''7i iiU\ l^'^^^^^^(>''^'i 
continuity of the metallic ^^^ 
lining of the wire race- Jcrei^Hoirs-- 

ways which is provided l-Outlet PIcte n -Outlet Box 

by the conduit tubes. ^'^- ^^^'^^'^tlt'^^^^^^^ ^^"^ """"^ 
The second is to provide 

substantial support for the conduit and fixture ends at out- 
lets. The third is to complete the electrical continuity of the 
grounded conduit system. 

Outlet boxes are preferable to outlet plates because the 
boxes provide a roomy recess lined with non-combustible 
material in which taps or splices may be made. Outlet boxes 

fare imperative at switch outlets 
,h}rcetamBuMfa but the plates may be used at 
^V^X/!^ fixture outlets, provided the fix- 
Concfuchrs ture has a canopy which forms 
a chamber. Where a lighting 
Fig. 292.— Typical approved out- appliance, as for instance, a 

^^^' drop cord or rosette, has no 

canopy, an outlet box with a suitable steel cover should be 
used. 

Approved outlet fittings must be used in open-work conduit 
installations at the terminations of conduit runs as shown at 
Fig. 288. Iron bushings were formerly approved for protect- 
ing conductors against abrasion at conduit ends in exposed 
work but their use is no longer sanctioned. As shown in Fig. 
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292, the non-combustible bushing (usually of porcelain) on an 
outlet fitting serves to insulate the conductors from one another 
where they emerge from the tube and to maintain a suitable 
separation between them where they leave the protection of 
the conduit. 

2Sd. If//. INTERIOR CONDUITS. Outlet plates must not be used 
where it is practicable to install outlet boxes. 

An outlet plate should never be used where it is possible to 
install an outlet box^ As is evident from Fig. 291, a box 
affords better protection for the conductors. A plate does not 
provide a steel-lined chamber but does, when the conduits 
enter it and when they are fitted with locknut and bushings, 
connect the diflferent sections together electrically and it 
provides substantial support for the conduit ends, thereby 
retaining them in position. 

28d. If///. INTERIOR CONDUITS. For concealed work in. walls 
and ceilings composed of plaster on wooden joist or stud construction, 
outlet boxes or plates and also cut-out cabinets must be so installed that 
the front edge will not be more than one-fourth inch back of the finished 
surface of the plaster, and if this surface is broken or incomplete it shall 
be repaired so that it will not show any gaps or open spaces around the 
edges of the outlet box or plate or of the cut-out cabinet. On wooden 
walls or ceilings, outlet boxes or plates and cut-out cabinets must be so 
installed that the front edge will either be flush with the finished surface 
or project therefrom. This will not apply to concealed work in walls or 
ceilings composed of concrete, tile or other non-combustible material. 

In setting outlet boxest plates or cabinets for concealed- 
conduit -wiring installations on plastered surfaces they should 
always be so arranged that their edges are not more than 3^ 
in. back of the plastered surfaces and they should fit snugly 
in the hole. Otherwise the wiring recess thus provided will 
not be completely lined with metal and the ends of the laths 
or other combustible material that is exposed may be the source 
of fire risk. Gaps around the edges of an outlet box may 
allow a draft to promote a fire if one is started within the 
box and furthermore may allow a fixture canopy to sink into 
the hole and contact with the outlet box from which it should 
in most cases be insulated. It follows that outlet boxes, plates 
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or cabinets mounted on wood surfaces should have their outer 
edges flush with or projecting beyond the wood, so as to protect 
it from the possibility of being ignited. 

2Sd. VV, INTERIOR CONDUITS. In buildings already con- 
structed where the conditions are such that neither outlet box nor plate 
can be installed, these appliances may be omitted, providing the conduit 
ends are bushed and secured. 

Where outlet boxes or plates are omitted the conduit ends 
should be connected (wired) together to insure electrical con- 
ductivity of the entire conduit system. They should be sup- 
ported firmly in position with pipe straps or by other means. 

28d. liIV. Note. INTERIOR CONDUITS. It is suggested that outlet and 
fittings having conductive coatings be used in order to secure better electrical contact at 
all points throughout the conduit system. 

Galvanized or sherardized conduit and fittings are prefer- 
ablCt as a rule, for concealed conduit installations because with 
them good electrical contact is always provided between the 
components of the system. Where conduit and fittings are 
enameled, it is always necessary to scrape the enamel, which is 
a reasonably good insulator, from the outlet boxes and other 
fittings to insure conductivity. Note that {Rule 28/, If//) gas 
pipes where they enter outlet boxes must be in good electrical 
connection therewith. 

286. If/. INTERIOR CONDUITS. Metal conduits where they enter 
junction boxes, and at all other outlets, etc., must be provided with 
approved bushings or fastening plates fitted so as to protect wire from 
abrasion, except when such protection is obtained by the use of approved 
nipples, properly fitted in boxes or devices. 

Conduit bushings are required on the end of every run of 
conduit terminating in an outlet box unless some other device 
which accomplishes the same end is provided. The bushings. 
Figs. 268 and 289 protect the conductors from the sharp edges 
of the pipe end. These keen edges are formed when the con- 
duit is cut oflF with a pipe cutter or a hack saw,. and although 
reaming the ends of the tube usually cuts away the sharpest 
edge, it seldom makes it smooth enough that conductors can 
rub on it without injury. The bushing is made with a rounded 
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edge which is not likely to abrade the insulation on the 
conductor. 

28/. V' INTERIOR CONDUITS. Must have the metal of the con- 
duit permanently and effectually grounded to water piping, gas piping 
or other suitable grounds, provided that when connections are made to 
gas piping, they must be on the street side of the meter. If the conduit 
system consists of several separate sections, the sections must be bonded 
to each other, and the system grounded, or each section may be sepa- 
rately grounded, as required above. Where short sections of conduit 
(or pipe of equivalent strength) are used for the protection of exposed 
wiring on side walls, and such conduit or pipe and wiring is installed as 
required by No. 26 e, the conduit or pipe need not be grounded. 



f'Fa//f of Leakage .Wrou^f Iron /Rubber -Insu/afed . Bared Wire Confach'ru^ 
I Currerrf > Condu/f // Conduchrj.. With Conduit 




y— -*" •*— «— ^-'' 
Path of Leakage Cur rent 

\ ' Leaka<)e Currents with Ungrounded Conduit 




- •* — M'') Per/nanenf 

^~* -«-~> ^'*~* •*- -<— ■*— '*"-'''' Ground 
~~T ^... ^„. ^... -<-- 

n - Ef tect ot Groundinc^ Conduit 
Fig. 293. — Ungrounded and grounded conduit systems. 

Effective grounding of a conduit system is necessary to 
minimize fire hazard* It is impracticable if not impossbile to 
insulate the conduit of a system from ground ; hence, the obvious 
procedure is to ground it permanently and effectively. The 
reasons for grounding a metallic conduit system are the same 
ones that dictate the grounding of motor and generator frames 
and which are discussed under Rule Ic, %I. 

What might occur in an ungrounded and a grounded conduit 
system is illustrated in Fig. 293. The tubes and metal parts 
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of a conduit system in their ramifications about a building 
may contact with numerous grounded objects. 

Example. — The tubing might rest on damp wood, as at C 
in Fig. 293, /, or on a gas pipe as at B, Now if one of the 
conductors carried within the system became bared and con- 
tacted with the tube as at il, and there happened to be another 
ground G on the other conductor (of opposite polarity) 
of the system, trouble might occur. Note that the one ground 
at A on the positive side of the circuit could not of itself make 
trouble, provided there were no ground at G on the negative 
side, but in practice there is liable to be a ground on either 
side of a system. In fact, alternating-current secondary 
circuits should always be permanently grounded as specified 
in Rule 156 and furthermore, the neutral of a direct-current 
three- wire system should, in practically every case, be grounded 
as specified in Rule 15a. 

Thus, with conditions as above described, a current might 
flow via the path EF^ACG. That is, a current would flow 
through the damp timber to ground. The current might 
be of small intensity because it might be limited by the high 
resistance of the damp timber, but it could be of sufficient 
intensity to char the timber and yet not operate the cut-out 
F2. Ultimately, the timber, C, might be ignited and a fire 
result. 

Furthermore, current might flow via the path EFABG 
through the point B where the conduit contacts with the 
gas pipe. The contact might be of such high resistance that 
the current flowing would not be great enough to operate F2 
but this current might at the same time be such that the 
arc produced by it at point of contact B would burn a hole 
in the pipe and possibly ignite the gas. 

Now, if the conduit system is permanently and effectively 
grounded as at HIJ (Fig. 293, //) and one of the wires of 
the system accidently contacts with the conduit as at iV, 
then a large current would flow via the path LMNIJK 
because the resistance of the permanent ground would be 
very low. This heavy current would almost instantly operate 
cut-out Af , disconnecting the location of the trouble from the 
source of e.m.g. Furthermore, a fuse would not *'hold" at 
M until the trouble were corrected. 

Not alone does permanently grounding the conduit decrease 
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fire hazard, but it also may decrease life hazard for the same 
reasons that grounding a generator or motor frame (Ride 
ICj %I) or the secondary of a distributing system (Ride 
156, If/) gives this insurance. It is obvious then that the 
ground on a conduit system must be a thorough one. 

28/. VL INTERIOR CONDUITS. Conduits and gas pipes must 
be securely fastened in outlet boxes, junction boxes and cabinets, so as 
to secure good electrical connections. 

Electrical continuity of the conduit system is essential. 

It is evident that all of the parts, tubing, outlet boxes, outlet 
plates, junction boxes and metal cabinets must be electri- 
cally connected together so that a ground on the system will 
afford protection to all parts of it. It is apparent, too, 
that the joints or points of contact between the different 
components of the conduit system should be of very low re- 
sistance, otherwise grounding will not afford the protection 
expected of it. 

28/. H///. INTERIOR CONDUITS. If conduit, couplings, out- 
let boxes, junction boxes, cabinets or fittings, having protective coating 
of non-conducting material such as enamel are used, such coating must 
be thoroughly removed from threads of both couplings and conduit, 
and such surfaces of boxes, cabinets and fittings where the conduit or 
ground clamp is secured in order to obtain the requisite good connection. 
Grounded pipes must be cleaned of rust, scale, etc., at place of attach- 
ment of ground clamp. 

28/. 1f/F. INTERIOR CONDUITS. Connections to grounded pipes 
and to conduit must be exposed to view or accessible, and must be made 
by means of approved ground clamps. 

The methods of connecting ground wires to conduits and 
to ground pipes may be divided into two general classes: 
(1) Connections with approved ground clamps as shown in Fig, 
294. (2) Special methods which do not involve the use of ground 
clamps. Although approved ground clamps of one type or 
another are ordinarily employed,, inspectors will frequently 
approve ground connections effected with other "home-made" 
appliances, provided the appliance affords a substantial and 
reliable attachment between the conduit system and the 
ground pipe. Some of the methods hereinbefore described 
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for grounding motor {Rule 8a, ![/) and generator {Rule Ic, 
1[/) frames, three-wire system neutrals {Rule 15a, ^I) and 
alternating-current transformer secondaries {Rule 156, K/) 
may often be used to advantage in grounding conduit. 

Ground clamps provide a means of effecting a good elec- 
trical and mechanical attachment of the ground wire to the 
conduit and to the pipe to 
which the system is grounded. 
At least one clamp is used on 
the conduit and one on the 
pipe which affords the ground. 
A ground wire is arranged be- 
tween the two and soldered in 
the lug of each. The ground 
clamps should be accessible for 

inspection so that one may assure himself of their integrity. 
The method of making up the ground clamp illustrated in 
Fig. 294 around a pipe or conduit is shown in Fig. 295 which 
is self-explanatory. 




n - Tinned Copper Strop m-Yoke 

Fia. 295.— ^Construction and application ot ground olamp. 

Conduit should be grounded wherever convenientlypossible. 
While one good ground on a system is ordinarily sufficient 
it is always desirable to provide additional grounds wherever 
a conduit run lies near to or contacts with a steel beam or 
column, or a grounded pipe. At all combination outlets, 
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that is, at fixture outlets through which a gas pipe extends, 
the outlet box must be electrically connected to the gas pipe 
as outlined in Rule 28/, ^IL 

28/. IFF. INTERIOR CONDUITS. Ground wires must be of copper, 
at least No. 10 B. & S. gage (where largest wire contained in conduit is 
not greater than No. B. &. S. gage), and need not be greater than 
No. 4 B. & S. gage (where largest wire contained in conduit is greater 
than No. B. & S. gage). They shall be protected from mechanical injury. 

The sizes of conduit ground wires are determined to a cer- 
tain extent by the element of mechanical strength. That is, 
every ground wire should be at least large enough so that it 
cannot be easily broken, hence. No. 10 B. & S. gage copper 
wire is the smallest that should ever be used. In case of a 
ground on a conduit system, as illustrated at iV, Fig. 293, //, 
the ground wire will carry the heavy current for a very short 
interval only, because the cut-out should operate soon after 
the heavy ciu'rent starts to flow. But it is evident that the 
current that the ground wire may carry will be determined to 
some extent by the carrying capacity of the cut-out at Af , Fig. 
293, //. On a large extensive system it is then obvious that 
this cut-out will be of greater capacity than in a small system; 
hence the size of the ground wire should be proportioned 
with some regard to the size of the largest wire in the conduit 
system. Copper should always be used for ground wire, be- 
cause iron wire may rust asunder. 

In installing conduit ground wires, mechanical precaution 
only is necessary, that is, the wires need not be run on insula- 
tors but can be protected by wooden boxing or by molding. 
The ground wire should not be protected with iron pipe or 
conduit for the same reasons that lightning-arrester ground 
wires {Rule 5c, ^11) and the single wire of an alternating- 
current system {Rule 5c, ^I) should never be run in conduit. 
Ground wires should preferably be kept away from inflam- 
mable materials. Although it is not necessary from an elec- 
trical standpoint to insulate ground wires, it is the practice in 
some localities to run them on porcelain insulators because 
this often prevents interference by persons who have respect 
for any electrical conductor carried on porcelain. 
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28/. ir. NoTB. INTERIOR CONDUITS. The ground on the conduit system 
is not to be considered as a ground for a secondary system (see No. 15). 

2Sg. If/. INTERIOR CONDUITS. Junction boxes must always be 
installed in such a manner as to be accessible. Such boxes are considered 
to be accessible when installed in an attic that has sufficient head room, 
but which ij reached only by a portable ladder and permanent hatch. 

Junction boxes should always be accessible both during the 
construction of the building and after it is completed, so that 
the wires in the conduit system can be readily removed and 
replaced. If the junction boxes are not accessible, it is 
apparent that one of the principal advantages of the conduit 
method of wiring will be defeated. A box is not accessible if 
it is necessary to remove parts of floor or to make holes in 
ceiUngs or partitions to get to it. 

2Sh. If/. INTERIOR CONDUITS. All elbows or bends must be so 
made that the conduit will not be injured. The radius of the curve of 
the inner edge of any elbow not to be less than three and one-half inches. 
Must have not more than the equivalent of four quarter bends from out- 
let to outlet, the bends at the outlets not being counted. 

There should not be more than four quarter bends between 
any two outlet boxes* If the route of any rim is such that it 
would necessarily contain more bends than this, accessible 
junction boxes should be inserted at locations in the rim so 
that there will not be more than four bends between any two 
outlets. 

28t. INTERIOR CONDUITS. Size of conduits for the installation 
of wires and cables. 
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Number op Conductors in System 



Stse B. & S. 


One conductor 

in a conduit. 

Sise conduit, in. 


Two conductors 

in a conduit. 
Siie conduit, in. 


Three conductors 

in a conduit. 
Sise conduit, in. 


Four conductors 

in a conduit. 
Sise conduit, in. 




Electrical 
trade sise 


Electrical 
trade size 


Electrical 
trade sise 


Klectrical 
trade sise 


14 


H 


M 


Ya. 


%. 


12 


H 


H 


Ya. 


Ya. 


10 


y2 


H 


Ya. 


1 


8 


Vi 


1 


1 


1 


6 


\i 


1 


l}i 


l}i 


5 


% 


VA 


' xy. 


IM 


4 


H 


m 


w* 


IK 


3 


Ya. 


ly* 


iM 


IK 


2 


Ya. 


iH 


XM 


IK 


1 


H 


iyz 


IK 


2 


00 


1 


m 


2 


2 


00 


1 


2 


2 


2K 


000 


1 


2 


2 


2K 


0000 


ly* 


2 


2>^ 


2K 


CM 










200000 


m 


2 


2K 


2K 


250000 


m 


2Ji 


2K 


3 


300000 


IH 


2y2 


2K 


3 


400000 


IH 


3 


3 


3K 


500000 


IH 


3 


3 


3K 


600000 


iy2 

2 


3 


3K 

3K 
4 




700000 


3H 




800000 


2 




900000 


2 


4 

4M 

5 

5 


4 




1000000 


2 

3 
3 


4 

4K 
5 




1250000 




1500000 j 




1750000 ' 


5 
6 




2000000 




) 
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Twin Conductor 



Sise B. A S. 


One conductor 

in a conduit. 

Sise conduit, in. 


Two conductors 

in a conduit. 
Sise conduit, in. 


Three conductors 

in a conduit. 
Sise conduit, in. 


Four conductors 

in a conduit. 
Sise conduit, in. 




Electrical 
trade sise 


Electrical 
trade sise 


Electrical 
trade sise 


Electrical 
trade sise 


14 




}i 


Va 


1 


1 


12 




H 


% 


1 


m 


10 




H 


1 


13^ 


m 


3 Conductor Convertible System 


Sise of conductors 


Sise conduit, in. 


Two conductor'sise B. & S. 


One conductor sise B. 


&S. 


Electrical trade sise 


14 




10 




?i 


12 




8 




Ya. 


10 




6 




1 


8 




4 




1 


6 




2 




Wa. 


5 




1 




m 


4 









m 


3 




00 




IH 


2 




000 




IH 


1 


• 


0000 




2 







250000 




2 


00 




350000 




2H 


000 




400000 




2H 


0000 




550000 




3 


250000 




600000 




3 


300000 




800000 




3 


400000 




1000000 




SH 


500000 




1250000 




4 


600000 




1500000 




4 


700000 




1750000 




4M 


800000 




2000000 




4M 
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Single Conductor Combination 

Note. — Where special permission has been given in accordance with 
No. 26, p, the following table to apply. 



No. of wires 


Sise conduit, in. Elec- 
trical trade sise 


3 No. 14 R.C. soUd 

6 No. 14 R.C. soUd 

10 No. 14 R.C. soUd 

18 No. 14 R.C. soUd 

24 No. 14 R.C. solid 

40 No. 14 R.C. soUd 

74 No. 14 R.C. soUd 

90 No. 14 R.C. solid 


H 

% 
1 

IK 

2 

2H 
3 





Box Junction i 
^Buihin^ J 



^otnerBox 
Drop Li^ht 



29. METAL MOULDINGS. 

{See also No. 26 A; to m. For construction of MouMings see No. 60) 

The advantages of metal molding over wood molding are: 

(1) It is non-combustible. (2) It occupies less space. (3) 

It affords greater mechanical 
protection. As noted in a pre- 
ceding paragraph, the use of 
wood molding is not allowed 
in some cities. A metal-mold- 
ing installation is illustrated 
in Fig. 296 which indicates its 
adaptability for making exten- 
sions to existing wiring systems. 
The requirements for the 
installation of metal molding 
aret in general, similar to those 
for wrought -iron conduit, be- 
cause the function of the con- 

FiG. 2^^-~j^yP^J^^^^^ ^^l^i^g duit is substantially the same 

as that of the molding. It is 

to provide a metal-lined raceway for the protection of the 

conductors. 
The maximum wattage permissible on a metal -molding 

circuit is lyd20^ {Rule 26i, 1[/), and the maximum permissible 

^'oltage is 300 {Rule 261, %I). 
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Class c INSIDE WORK Rule 296 

29a. V' METAL MOULDINGS. Must be continuous from outlet 
to outlet, to junction boxes, or approved fittings designed especially for 
use with metal mouldings, and must at all outlets be provided with 
approved terminal fittings which will protect the insulation of conductors 
from abrasion, unless such protection is afforded by the construction of 
the boxes or fittings. 

Metal-molding systems must be continuous from outlet 

' to outlet for the same reasons (Rule 286, 1[/) that it is essential 

that conduit systems be thus continuous. As with conduit 

systems, the metal-molding runs must be continuous both 

electrically and mechanically. 

Outlet boxes and approved fittings for metal -molding wiring 
are manufactured in a great variety of forms; see the author's 
American Electricians' Handbook. All splices in the sys- 
tem must be made within one of these fittings or boxes, since 
splices are not permitted within the molding itself. Wherever 
a metal-molding system joins wiring arranged in accordance 
with the knob-and-tube, conduit or open-work methods, the 
junction must be effected in an approved junction box of which 
there are a variety of types, made especially for the purpose. 
Wherever conductors leave the metal-molding system to 
serve an energy-consuming device, an approved fitting which 
suitably insulates the wires from one another and protects 
them from abrasion at the point where they emerge from the 
molding system must be used. 

296. If/. METAL MOULDINGS. Such moulding where passing 
through a floor must be carried through an iron pipe extending from the 
ceiling below to a point five feet above the floor, which will serve as an 
additional mechanical protection and exclude the presence of moisture 
often prevalent in such locations. 

Where metal -molding runs pass through floors they should 
be protected as suggested in Fig. 297. The iron-pipe pro- 
tective tubing is installed for two reasons: (1) To afford 
mechanical protection; (2) to prevent scrub water from entering 
the molding. 

In installing metal -molding protection on side walls the 
continuous length of iron pipe should, where the molding might 
be exposed to mechanical injury, extend to a distance of at 
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least 5 ft. above the floor and also downward tlirough the 
ceiling below, and beyond the ceiling a few inches, Fig. 297, 
/. The protecting pipe can be held to the supporting surface 
with pipe straps. Metal molding is not of great mechanical 
strength, since (RtUe 60d) the backing is formed of sheet steel 
0.050 in. (that is, between %4 in. and J^g in.) thick, minimum, 
and the capping of metal 0.040 in. (that is, between ^2 '''■ ' 
and ^4 in.) thick. In locations where appearance is a factor 
and the metal molding on a side wall is not liable to mechanical 



jew 



1-Where Exposed to n - in Unexposed 

Mechanlcot Injury Locations 

Fia. 297. — Protection of metal molding where passing through a floor. 

injury, as in residences and in office buildings, and where it ia 
obvious that the mechanical strength of the molding and back- 
ing is of itself adequate, the iron-pipe protection may ordi- 
narily extend from the ceiling below to a point only 3 in. above 
the floor {Rule 296, VI), as suggested in Fig. 297, //. In 
warehouses and factories where mechanical interference is 
probable, the protection should be extended at least 5 ft., as 
shown in Fig. 297, 1. 

296. f//. METAL MOULDINGS. Where the mechanical strength 
of the moulding itaelf is adequate, this ruling may be modified to require 
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the protecting piping from the ceiling below to a point at least three 
inches above the flooring. 

296. If///. METAL MOULDINGS. Where such mouldings pass 
through a partition the iron pipe required for passing through floors 
may be omitted and the moulding passed directly through, providing 
the partition is dry and the moulding is in a -continuous length with no 
joint or coupling within the partition. 

The protection required where metal molding passes 
through partitions is illustrated in v Fig. 265 and has been 
described. 

29c. t/. METAL MOULDINGS. Backing must be secured in posi- 
tion by screws or bolts, the heads of which must be flush with the metal. 

The methods of supporting metal -molding backing are 
illustrated in Fig. 298. In any case, the head of the bolt or 
screw which extends into the molding must not project into 
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Fig. 298. — Methods of supporting metal molding. 



the wiring space or oflfer a sharp edge that might cut the 
insulation on the conductors. 

29d. V' METAL MOULDINGS. Must have the metal of moulding 
permanently and eflfectuaUy grounded to water piping, gas piping, or 
other suitable groimds, provided that when connections are made to gas 
piping, they must be on the street side of the meter. If the metal mould- 
ing system consists of several separate sections, the sections must be 
bonded to each other and the system grounded, or each section may be 
separately grounded, as required above. 

Metal molding must be grounded for the same reasons that 
dictate the grounding {Rule 28/, ^I) of conduit systems. 
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Positive grounding decreases fire and life hazard. The ground- 
wire connection at the metal molding is effected with a special 
ground clamp as shown in Fig. 299, ///. At the location where 
the ground wire is connected to the gas or water pipe affording 
the ground, a suitable ground clamp, is ordinarily (Figs. 294 
and 295) used. The ground wire should be soldered in each 
of these clamps. 






Base Covpfrhf.-' 



Ground Wire ' 
^rouni^ Clamp 
Fio. 209. — Methods of bonding and grounding metal molding. 

29d. H//. METAL MOULDINGS. Metal mouldinga and gaa pipes 
must be securely fastened to outlet boxes, junction boxes and cabinets, 
ao as to secure a good electrical connection. Moulding must be so in- 
stalled that adjacent lengths of moulding will be mechanically and 
electrically secured at all points. 

The metal-molding system must be electrically continuous 

for the same reasons that a conduit system should be electric- 



ltetchiheS:ih3 




l-Bdie in Posllion D'Capplng On m-Elbow Covers (W 

Fio. 300. — One method of carrying metal molding around beams. 

ally continuous {UalU 286, 1[ /). To insure this condition, the 
different lengths of metal molding must be firmly joined to- 
gether so as to constitute a good electrical contact and similar 
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joints must be made at all outlet boxes. The fittings regidarly 
furnished by the metal-molding manufacturers accomplish 
this result. In Fig. 299, //, is shown the method of joining 
abutting ends of metal-molding backing. A method of 
making an improvised corner connection is suggested in Fig. 
299, /. Fig. 300 shows one of the methods of carr3ring a 
metal-molding run around a concrete beam. 

29d. If///. METAL MOULDINGS. K metal moulding, couplings, 
outlet boxes, junction boxes, cabinets or fittings having protective coat- 
ing of non-conducting material such as enamel are used, such coating 
must be thoroughly removed from the threads of couplings and metal 
mouldings, and from the surfaces of boxes, cabinets and fittings, where 
the metal moulding or ground clamp is secured in order to obtain the 
requisite good connection. Grounded pipes must be cleaned of rust, 
scale, etc., at the place of attachment of the ground clamp. 

29d. H/F. METAL MOULDINGS. Connection to grounded pipes 
and to metal mouldings must be exposed to view, or accessible, and must 
be made by means of approved ground clamps. 

29d. IfF. METAL MOULDINGS. Ground wires must be copper, 
at least No. 10 B. & S. gage. They shall be protected from mechanical 
injury. 

29e. If/. METAL MOULDINGS. Must be installed so that for 
alternating systems the two or more wires of a circuit will be in the same 
metal moulding. ^ 

29e. ^J. NoTB. METAL MOULDINGS. It is suggested that this be done for direct 
systems also, so that they may be changed to the alternating system at any time, induc- 
tion troubles preventing such changed if the wires are in separate mouldings. 

The preceding requirements relating to the electrical 
continuity, grounding and number of wires in a metal molding 
system are dictated by the same conditions which are respon- 
sible for similar requirements for rigid conduit systems. See 
elsewhere the discussion relating to these conditions. 

80. FIXTURES. 

{For construction of Fixture Wires see No, 52. For construction of Fixtures 

see No. 77) 

30a. ^I. FIXTURES. When supported at outlets in metal conduit, 
armored cable, or metal moulding systems, or from gas piping or any 
grounded metal work, or when installed on metal walls or ceilings, or 
on plaster walls or ceilings containing metal lath, or on walls or ceilings 
in fireproof buildings, must be insulated from such supports by approved 
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insulating joints placed as close as possible to the ceilings or walls. The 
insulating joint may be omitted in conduit, armored cable or metal 
moulding systems with straight electric fixtures in which the insulation 
of conductors is the equivalent of insulation in other parts of the system, 
and provided that approved sockets, receptacles or wireless clusters are 
used of a type having porcelain or equivalent insulation between live 
metal parts and outer metal shells, if any. 

Insulating joints should be interposed as shown in Fig. 301 
and other illustrations, in the stem of an electric fixture be- 
tween the fixture and any grounded metal work or conducting 
material upon which it may be supported. That ia, an insu- 
lating joint is always required when a fixture is supported from 
a grounded object which would ground the metal work of the 
fixture. Obviously, gas piping and conduit systems are 
efEectively grounded. 



An insulating joint is not required when a fixture is sup- 
ported from an undergrounded surface or support, as shown in 
Fig, 302; hence, insulating joints are not required for straight 
electric fixtures hung from wood ceilings or walls, or from 
lath and plaster ceilings or walls provided the wiring is done by 
the knob-and-tube, open-work, or molding methods. If the 
wiring is in accordance with the conduit method an insulating 
joint is required. 

The reasons why fixtures should be insulated from ground, 

that is, the reasons that dictate the use of insulating joints are 
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these: The electric fixture is probably the weakest member, 
electrically, in the wiring system. The fixture wire within it 
has relatively thin insulation and is drawn into cramped places 
and in some cases past the sharp edges of metal parts composing 
the fixture. Hence, as might be expected and as experience 
has shown, contact between the metal of the fixture wire 
and the metal parts of the fixture is very liable to occur. If 
the fixture is insulated from ground, the difficulty will be local- 
ized to within the fixture. The relative weakness of the 
fixture-wire insulation is then the real element that dictates 
the insulation of fixtures from ground. If wire having the 
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Fia. 303. — Method of supporting FiQ. 304. — loaulatmR stud for 
a combination bracket fixture in a fixtures. (Used insteaa of a crow- 
knob-and-tube wiring installation. foot and an insulating joint in steel 

outlet boxes for strait electric 

fixtures.} 

same insulation as that on all other parts of the system is used 
in the fixture, its insulation from ground is not necessary. 

Insulating joints, as shown in a number of the illustrations, 
may be divided into two general classes: (1) Those for 
straight electric fixtures, Fig. 301, which are blanked, that is, 
they have no opening through them; (2) those for combination 
Hxturea, Fig. 303, which have a hole through them to admit the 
gas to the fixture. 

Insulating studs, Fig. 304, may be used in conduit installa- 
tions instead of insulating joints. For example, an insulat- 
ing stud is shown in Fig. 305 and could have been used instead 
of the insulating joints and crowfoot in the installation 
indicated in Fig. 301. 
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Where wire of the same insulation as that of the balance of 
the system is carried into tiie fixture the insulating joint may 
be omitted. That is, if No. 14 rubber-insulated wire like that 
used in the branch circuits is used for fixture wiring, it is not 
necessary in any case to insulate the fixture from ground, 
provided the live metal parts of the fixture are thoroughly 
insulated from the shells and similar "dead" metal parts. 

HSOo. H//. FIXTURES. Gas 
pipes must be protected above the 
insvdaling joint by approved insulat- 
ing tubing, and where outlet tubes 
are used they must be of sufficient 
length to extend below the insulat- 
ing joint, and must ba so secured 



Fio. 305. — Bracket-fixture 
stallation. (Conduit wiring in 
lath-and-plaeter surface.) 



Fio. 306. — Method of Bupport- 
ing a combination fixture on a 
metal-lath ceiling. 



that they will not be pushed back when the canopy ia put in 

Gas pipes above the insulating joint should have an insulat- 
ing protection as shown in Figs. 303 and 306. This protection 
may be either a serving of tape (Fig. 303), a piece of flexible 
tubing (Fig. 306), or a porcelain tube. The flexible tubing, 
if this material is used, may be split and placed around the 
pipe and then bound in position with friction tape. Where 
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all of the gas pipe exposed at the outlet i8 below the insulating 
joint as shown at Fig. 301, insulating protection on the pipe 
is unnecessary. 

Metallic cements or paints should not be used on the gas- 
p^e threads of insulating joints because such materials may 
run down through the hole in the joint and bridge across the 
insulating material, thereby short-circuiting the joint. For 
these reasons, white and red lead are unsuitable. An insulat- 
ing paint or cement — asphaltum for example — may be em- 
ployed. 



I - Porcelain SocKet H- Receptacle 

Fio. 307. — Showing wiring of ceiling fixtures. 

The wiring at bracket outlets is shown in Figs. 303 and 305. 
Fig. 303 illustrates a knob-and-tube "combination fixture" 
installation but since there is a gas pipe at the outlet an insulat- 
ing joint must be used. Fig. 305 shows an outlet box at a 
conduit-wiring "straight-electric" bracket outlet, an insulat- 
ing joint being used to electrically separate the fixture from 
the grounded conduit system. 

Ceiling-fixture outlet wiring is shown in Fig. 307. The 
sockets and shade holders, which in this installation comprise 
the "fixture," are insulated, in each of the installations shown, 
from the conduit outlet box by porcelain in lieu of insulating 
joints. 
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Fixture wiring in an exposed conduit installation is shown 
in Fig. 30&1. Insulating joints and canopy insulators are re- 
quired. 

30o. 1///. FIXTURES. Where insulating joints are required, fix- 
ture canopiea of metal must be thoroughly and permanently insulated 
from metal walls or ceilings, or from plaster walls or ceilings on metal 
lathing, and from outlet boxes. 

The function of a canopy insulator is to prevent the grounding 
of a fixture through the metal work of the canopy contacting 
with a conducting grounded surface or object. Obviously, 



A 

I - Cflmblnation Flirture 

Fig. 308. ^Arrangement of fixtures. 

a fixture may be grounded through its canopy as well as through 
its stem, necessitating in some cases the inclusion of an tnsuJot- 
ing joint between the canopy and the supporting surface 
as well as in the stem of a fixture. Where conditions demand 
their installation, it does no good to insert an insulating joint 
in the stem unless one is also arranged between the canopy 
and the supporting surface. 

Canopy insulators should be used as shown in Figs. 301, 
306 and 309 where a fixture canopy might ground a fixture. 
These insulators usually comprise a strip of fiber or similar 
insulating material attached around the circumference of the 
canopy as shown in Fig. 310. Canopy insulators are not 
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required when the canopy will rest against a plaster-on-wood- 
lath or on a wood surface, 
but where the canopy will 
rest against a plaster-on- 
metal-lath surface or where 
it might contact with an out- 
let box the insulator is re- 
quired. Canopies are not in- 
sulated from ordinary plas- 



Fio. 309. — Combination gaa-and- 
elentric ceilinf; fixture outbt in a 
boUow tile ceiling. 

tered surfaces in fireproof buildings because dry plaster is a 
fairly good insulator, but where the plaster is on metal lath 
then there is always danger of 
metallic contact and canopy in- 
sulators should be used. 
• A dry wood block fastened 
to the supporting surface may 
be used in heu of a canopy in- 
sulator in certain cases provided 
the screws supporting the block (SMimurr^\ ^Abwt canopy 

do not contact with the metal "''*'|^'^...... ^*'',?ii^^^ £) 

parts of the fixture. Where- a HBi[niJ'"^" liiira*"* 
"hickey" is mounted on such a M|mI 1 1 1 | V^ ■•'"^JI IIb 
block, the screws holding the ^'"^''■'^^^'"""' ■'^i/f^u 
hickey should not extend V«»a- — L,^it^ar 

through the block. F'O- 310.— Showing aheet fiber 

, 111 1 canopy insulator. 

A canopy insulator must ex- 
tend around the entire circumference of the canopy unless 
it is necessary to cut away a relatively small portion of it 
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(in open and molding wiring) for the admission of the conduct- 
ors. The so-called ''bug" insulators which were formerly- 
used and which insulated the canopy at only a few points 
around its circumference are no longer acceptable. 

30a. H/F. FIXTURES. Canopy insulators must be securely fas- 
tened in place, so as to separate the canopies thoroughly and permanently 
from the surfaces and outlet boxes from which they are designed to be 
insulated. 

In attaching insulators to canopies they may be either se- 
cured with small rivets as shown in Fig. 310 or one of the special 
forms of canopy insulators may be applied. Fig. 311 illus- 
trates one of these special forms which is very popular in 
certain sections of the country. The metal of the canopy is 
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I -Placing Ring U-Tie HI- Fixing Ring 

Fig. 311. — Method of attaching the E. B. B. Canopy insulator. 

deformed with a special punch so that it engages in the holes 
in the insulating ring. It has the advantage that rivets, 
which sometimes result in undesirable accidental contacts, 
are not used. 

Where molding or open wiring enters a canopy, the canopy 
should be cut to provide for its reception so that there can be 
no possibiUty of the sharp edges of the canopy cutting into 
the insulation on the conductors. 

30a. \V, FIXTURES. For fixtures which are not attached to gas 
pipes or conduit unless outlet boxes or other approved fittings which will 
give proper support for fixtures are used, a seven-eighths inch block must 
be fastened between studs or floor timbers flush with the back of lathing 
to hold tubing and to support fixtures. When this cannot be done, 
wooden base blocks, not less than ^ inch in thickness, securely screwed 
to lathing, must be provided. 
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Supporting boards and base blocks are shown in Figs. 279 
and 309A and are described in the text accompanying them. 

30a. IfF/. FIXTURES. Fixtures having so-called flat canopies, 
tops or backs, will not be approved for installation, except where outlet 
boxes are used. 

Note. — A "Flat canopy" fixture supported from an outlet 
box is shown in Fig. 308B. 

306. y. FIXTURES. When installed out of doors, must be of 
water-tight construction. 

30c. If/. FIXTURES. Fixture wires must be not smaller than No. 18 
B. & S. gage, and must have an approved rubber insulating covering 
(see No. 62). 

Wire for wiring fixtures should obviously have the best 
insulation because such conductors always lie close to the metal 
work of the fixture. They are fished through restricted spaces, 
pulled around sharp bends and subjected to other abuses; 
hence, rubber insulation is used. No. 18 wire is the minimum 
size permissible in wiring fixtures, and most fixtures are wired 
with this size. Ordinarily, this is necessary in the case of 
combination gas-and-electric fixtures, because the space be- 
tween the gas pipe and the fixture casing, as shown in Fig. 303, 
is frequently so small that wires larger than No. 18 could not 
be accommodated. If fixture shells were made large enough 
to accommodate relatively large wires, for instance, No. 14, 
they would be bulky and imsightly. 

30c. ^11. FIXTURES. In wiring certain designs of show-case fix- 
tures, ceiling bulls-eyes and similar appliances in which the wiring is 
exposed to temperatures in excess of 120 degrees Fahrenheit (49 degrees 
Centigrade), from the heat of the lamps, approved slow-burning wire 
must be used. All such forms of fixtures must be submitted for exami- 
nation, test and approval before being introduced for use. 

SOd. ^L FIXTURES. Supply conductors, and especially the splices 
to fixture wires, must be kept clear of the grounded part of gas pipes, and, 
where shells or outlet boxes are used, they must be made sufficiently 
large to allow the fulfillment of this requirement. 

Wiring in and adjacent to fixtures should never be permitted 
to contact with grounded portions of gas pipes because of the 
possibility of a hole being burnt in the gas pipe by a conductor 
grounded on it and the gas then being ignited by the arc. 

327 



Rule 30e LOW-POTENTIAL Clabb c 

30e. 1/. FIXTURES. Muat, when wired on the outaide have the 
conductors so secured as not to be cut or abraded by the pressure of the 
fastenings or motion of the fixture. 

30e. VI- FIXTURES. Must not, when wired on the outeide, be 
used in show windows or in the immediate vicinity of especially inflam- 
mable stuff. 

30e. VII- FIXTURES. Chain fixtures must be wired with flexible 
conductors. 

Chain fixtures should he wired with flexible conductors ss 
suggested in Fig. 312, because if solid wires are used they are 
liable to be weakened and broken off by the swaying of the 
fixture. 



l-ConopY Arronqemsnt n-lndlr«ct rixtur* 

Fia, 312. — Method of wiring an indirect lighting fixture. (National 
X-ray Reflector Company.) 

3(V. 1/. FIXTURES. Wires of different systems must never be 
contained in or attached to the same fixture, and under no circum- 
stances must there be a difference of potential of more than 300 volts 
between wires contained in or attached to the same fixtures. 

30s. !'■ FIXTURES. Must be free from short circuits between 
conductors and from contacts between conductois and metal parts of 
fixtures, and must be tested for such conditions before being connected 
to supply conductors. 

Fixtures should be tested both before and after installation 
to insure that they contain no grounded or short-circuited 
conductors. Methods whereby these tests may be readily 
effected are described in the author's Ambbicau Electbicians' 
Handbook. Time and expense are always saved by conduct- 
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ing such tests because, as hereinbefore noted, fixtures are 
pecuUarly prone to troubles which should always, if possible, 
be located and cleared before the fixtures are erected and 
connected to the wiring system. 

81. SOCKETS. 

{For construction of Sockets see No, 72) 

The key socket constitutes another source of trouble in 
wiring systems. In spite of the fact that the construction of 
this device has been greatly 
improved in late years it is 
still a relatively delicate mech- 
anism and may be expected 
to cause difficulties if it is sub- 
ject to severe usage. For these 
reasons, it is advisable not to 
use key sockets if keyless sock- 
ets can be made to serve. 

Socket threads are cut with cotfonCovtrm 
either 3^-in. or ^-in. standard 
pipe threads. Sockets having 
3^-in. threads may be used on 
fixtures while those \rtth a %- 
in. thread (which have a i%2- 
in. diameter hole) may be used for reinforced lamp cord 
Fig. 313, //, hence, for pendants or for portable lamps. 

31a. \I. SOCKETS. In rooms where inflammable gases may exist 
the incandescent lamp and socket must be enclosed in a vapor-tight 
globe, and supported on a pipe-hanger, wired with approved rubber- 
covered wire soldered directly to the circuit. 

Sockets in places where there may be inflammable gases 
should be enclosed in a vapor-tight globe. Fig. 314 (vaporproof 
globes of different types are shown in Fig. 315). Some of the 
places in which there are liable to be inflammable gases and 
where, therefore, vaporproof globes should be used, are oil 
storage rooms, gasoline sheds, oil refineries, paint storage 
vaults, etc. The vaporproof globes should be used where 
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inflammable gases may exist. It is not necessary that such 
gases actually exist to justify the installation of the globes. 
Where the lamp in a place 
where there are inflaminable 
gases is to he supported di- 
rectly against the wall or 
ceiling, a vaporproof globe of 
the type suggested in Fig. 
315, III, can be used. It can 
be fastened by screws through 
the flange directly to the sup- 
porting surface. 

Where vaporproof globes 
are to he supported at a COQ- 
siderahle distance from the 
ceiling, as shown in Fig. 314, 
a pipe support must be pro- 
FiG. 314.— Showing vaporproof globe yided to prevent the impogi- 
supported on a pipe hanger. . , '^ , , . , 

tion of a stress, due to the 

weight of the vaporproof globe, on the conductors, which 
are relatively fragile and are liable to be broken, particularly 



1-pendeint n-Bracket IIl-FI(»nge 

ITpHanqfron {Thr^aiifd hr - {For Ceiling or 

mfes) fPipe) Side mil) 

FiQ. 315,— Vapor-tight of "vaporproof globes" of different types. 

if the globe were permitted to swing on the conductors. The 
supporting pipe should be as short as feasible to prevent its 
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being struck accidentally and knocked oflf. The wires within 
the pipe connecting to the lamp should be stranded and at 
least No. 14 gage in size. They should be served with tape 
where they emerge from the pipe and crowfoot to protect them 
from abrasion. Where corrosive vapors exist, it is advisable 
to seal the top of the pipe with a waterproof insulating 
compound to prevent their entry. 

The iron pipe support is sometimes omitted where a vapor- 
proof globe, such as that in Fig. 315, I, is supported by two 
No. 14 conductors twisted together so that they jointly sustain 
the weight of the globe. Factory Mutual Company's 
Wiring Rules suggest that, in certain cases, this construction 
is preferable to that involving the use of the pipe hanger. 

316. If/. SOCKETS. In damp or wet places, or where exposed to 
corrosive vapors, weatherproof sockets especially approved for the loca- 
tion must be used. Unless made up on fixtures they must be hung by 
separate stranded rubber-covered wires not smaller than No. 14 B. & S. 
gage, which should preferably be twisted together when the pendant 
is over three feet long. 

Weatherproof sockets are made either of porcelain or of an 
insulating composition. They are provided, as shown in Fig. 
316, with rubber-insulated leads 
molded into them. These leads ^^//r 
are ordinarily 8 in. long, but 
may on special order be ob- 
tained of any reasonable length. 
Weatherproof sockets are not 
provided with key switches be- 
cause a socket having a key 
switch in it cannot be ''weath- 
erproof. The porcelam sock- tamp 

ets are the cheaper but those 

of composition are better be- Fig. 316.— Showing weather- 
. , , TT proof socket suspended from cleat 

cause they are stronger. How- with No. 14 stranded R.C. wire. 

ever, grease and oils have a 

deleterious eflFect on the composition materials, rendering their 

use inadvisable in certain locations. 

Sockets in damp or wet places must be of the weatherproof 
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type supported on No. 14 flexible conductors as suggested in 
Figs. 316 and 317. Some of the places that are ordinarily 
considered as damp or wet are: dye works, tank rooms, pump- 
ing rooms and similar places. 

Key sockets should not be used in damp places because the 
moisture enters the mechanism through the key slot. It may 
condense, filling the socket with water and short-circuiting it, 

316. Vi- SOCKETS. These 
wires must be soldered direct to 
the circuit wires but supported in- 
dependently of them. 

The wires supporting 

weatherproof sockets should 

^ „,_ Ok 1. 1-4 be soldered directly to the 

FiQ. 317. — Showing how & spht . , , ' , 

knob may constitute an independ- main leads Dut supported on 
ent support. (Note that m some independent insulators. The 
cities the inspection departments . , , , 

require that pendant conductors independent support may be a 

arranged aa above be supported cleat installed especially for 
by "cord buttons, spht knobs , , ,. , , , 

are not approved.) holding up the pendant as 

shown in Fig. 316, or it may 
be a pair of cleats, or a split knob, provided as shown in 
Fig. 317. 

31c. \I. SOCKETS. Sockets and receptacles installed over spe- 
cially inflammable stuff or where exposed to flyings of combustible 
material, must be of the keyleaa type, and, unless individual switches are 
provided, must be installed at least seven and one-half feet above the 
floor, or must be so located or guarded that the lamps cannot be readily 
backed out by hand. 

31c. 1|//. SOCKETS. Departure from this rule may be authorized 
only by special permission in writii^. 

Key sockets should never be used where inflammable dusts 

exist, that is, they should not be installed in flour mills, in 
wood-working shops or in similar places. Keyless sockets 
should be used instead. Those of the brass-shell type are 
preferable to the composition or porcelain sockets because 
they are much less liable to breakage, and should be used unless 
they will be exposed to moisture. 
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3Id. 1|/. SOCKETS. When the socket ia not attached to ft fixture, 
the inlet if threaded must be not less than % inch pipe size, and must be 
provided with aa appToned insulating bushing. 

Sockets not on fixtures should have ^-in. holes so that 
reinforced lamp cord or two No. 14 wires, as shown in Fig, 
318, may enter the socket. 

33. FLEXIBLE CORD. 

(For eonstrueCion of FkxibU Cord see No. 51) 

Flexible cord is, necessarily, no matter how well It may be 
insulated, of rather delicate construction. The bending of the 
cord due to its continued move- 
ment may break the small wires 
which comprise the stranded 
conductor within. Then these 

sharp ends work through the . 

insulation and possibly into 

contact with the strands of the t^ 

conductor of opposite polarity, 

causing a short-circuit. The ^ ■" 

insulation may ignite and a fire 
result. Hence, flexible cord 

.hould be used only when more '•'i^li^f^^fStoo*^' 
substantial conductors cannot 

be utilized. The two conductors of oppraite polarity in a 
flexible cord he very close together, rendering unusual pre- 
cautions necessary. To sum the matter: It may be stated 
that flexible cord is a very undesirable material from a fire 
hazard standpoint — but it appears to be a necessary mate- 
rial, so that its use, subject to certain restrictions, must be 
sanctioned. 

32a. V- FLEXIBLE CORD. Must have an approved inaulatioa 
and covering. 

Flexible cords having different types of insulation and of 
different constructions are made for different service. The 
matter of the construction of these different sorts of cords is 
covered very fully in Rule 51. 
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The three principal types of flexible cord are, Fig. 313: 
(1) Drop or lamp cord. This consists of a pair of insulated 
stranded wires twisted together. Each wire has a serving of 
cotton thread and is then coated with rubber insulation and 
given a woven cotton serving for mechanical protection. Two 
such conductors are twisted together. A cord of this construc- 
tion is used only for short pendants in dry places hanging freely 
in air. (2) Reinforced or portable cord. This consists of a 
cord made Uke the drop cord described above except that in 
addition it has molded over the two twisted conductors an 
additional coating of rubber and then over this is served 
(for mechanical protection) a strong cotton braid. A cord of 
this character is used for portable lamps or wherever the cord 
is subject to much usage. (3) Heater cord has an insulation 
of rubber or of other suitable material over which is a layer 
of a non-combustible, heat-resisting material, usually woven 
asbestos. As a mechanical protection, a cotton braid is 
served over the heat-resisting layer. A number of special types 
of cord, such as packing-house cord, brewery cord, stage cable 
and the Uke, are manufactured. All are described in BuU 61. 

The sizes of flexible cords vary with the service required. 
The ordinary drop cord is composed of two conductors, each 
equivalent to a No. 18, 16 or 14 B. & S. gage soUd wire. The 
smallest flexible cord conductor permitted is No. 18 gage. 

326. V. FLEXIBLE CORD. Must not, except in street railway 
property, be used where the difference of potential between the two wires 
is over 300 volts. 

32c. H/. FLEXIBLE CORD. Must not be used as a support for 
clusters. 

Flexible cord should not be used as a support for fixtures 

because it has not sufficient tensile strength to sustain any 
great amount of weight. 

32(i. 1[/. FLEXIBLE CORD. Must not be used except for pendants, 
wiring of fixtures, portable lamps or motors, portable heating apparatus 
or other portable devices. 

Long pendants with adjusters should be avoided. The ad- 
justers are Uable to injure the insulation. If a long drop-cord 

334 



Class o INSIDE WORK Rdlb 32d 

pendant is provided and then an adjuster supplied on it so that 
its effective length can be shortened the tendency is to use the 
lamp and cord as a portable lamp. Pendants of ordinary. 
flexible cord should alvmys hang freely in air. Flexible cord 
should never be carried along walls or ceilings either supported 
by insulators or otherwise and 
should never be used where No, 
14 wire can be made to serve. 

The best method of installing a 
pendant or portable lamp is shown 
in Fig. 319, Reinforced lamp cord 
supported at the ceiling with a 
single-wire cleat and terminating 
in a properly bushed M-in. socket 
should be used. Each of the con- 
ductors of the cord should be 
soldered to one of the circuit wires 

and the joints thoroughly taped. Fia. 319. —One way of in- 

Btalling a peadeat lamp. (In 

S2d. VI- FLEXIBLE CORD. For aome cities the inspection de- 
all portable work, including those pend- partments require that pend- 
ants which are Uable to be moved «"* conductors be supported 
,.„..,. . 1 . by roBBttes or "cord but- 

about Bumciently to come m contact tang.") 
with surrounding objects, flexible wires 
and cables especially designed to withstand this severe service must be 

For portable lamps, that is, for those lamps, the cords of 
which may not always hang freely in air, reinforced cord should 
always be used. The reason is that the ordinary flexible cord, 
Fig. 313, /, does not have sufficient insulation and mechanical 
protection to insure its integrity if it is subjected to the usage 
ordinarily encountered by a cord which is not always held 
freely in air. 

32d. \ni. FLEXIBLE CORD. When necessary to prevent portable 
lamps from coming in contact with inflammable materiab, or to protect 
them from breakage, they must be surrounded with a substantial guard. 

Portable lamps should have protective guards as shown in 
Fig. 320 to insure against the breakage of the lamp and the 
fire risk involved thereby. The guard should be of such 
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Fig .320. — Metal guard for pro- 
tection of portable lamp. 



construction — should have a close mesh — ^that things outside 
of it are not liable to touch the glass bulb of the lamp. 

32e. If/. FLEXIBLE CORD. 
Unless provided with approved 
metal armor, must not be used in 
show windows or in show cases, 
except that approved portable cord 
may be used for the purpose of 
supplying current to portable 
lamps and other devices for ex- 
hibition purposes, and flexible cord may be used for chain fixtures. 

Metal armored lamp cord should always be used in show 
windows (Fig. 321) because a large number of fires have been 
caused through the appUcation of unarmored cord in these 
locations. Experience has shown that things are hung on 
lamp cords in windows and even pinned to them. As sug- 
gested in the illustration, steel ar- 
mored flexible cord is attached to the 
socket by means of a socket adapter 
and to the rosette or outlet box 
above with a similar device. 



Roseffe 
Roseffe 




32/. If/. FLEXIBLE CORD. Must be 
protected by insulating bushings where the 
cord enters the socket. 



Set Screws I 
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jiffapfer 
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-Key Socket 



Fig. 321. — Metal-armored 
lamp cord. 



Insulating bushings should be used 
in every socket unless, by reason 
of the construction of the socket, the 
conductors entering it are adequately pi:otected from abrasion. 
Threads in the holes in ordinary sockets present knife-edge cor- 
ners which will, unless bushings are used, rapidly cut through the 
insulation on a cord and possibly cause a short-circuit. A 
composition insulating bushing for a ^-in. socket is shown in 
Fig. 322. 

32^. \l, FLEXIBLE CORD. Must be so connected to all fittings 
that strain is taken from the joints and binding screws. 

Cords should be so arranged that they impose no stress 
upon binding posts or connectors. This provision is usually 
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satisfied by tying suitable knots, Fig. 323, in the ends of the 
cord so that any stress imposed will be assumed by the knot 
bearing against some rugged part of the fittings. The in- 
staller should be certain that 
the knot does bear against 
the porcelain or metal of the 
fitting and thus reUeves the 
terminals of strain. Special 

fastening devices for flexible "f^ 

cords are supplied in sockets 

and fittings of certain makes. Pio. 322.-38" insulating socket 
bushing. 
32ft 1/. FLEXIBLE COKD. 
Must where passing through covers of outlet boxes be protected by ap- 
proved bushings especially designed for this purpose. Sonjalled hard 
rubber or composition bushings threaded into box covers must not be 




Fig. 323. — Method of tying the so-called "underwriter's knot." 



Where a flexible cord passes through an outlet box cover 
it must be protected against abrasion and contact therewith 
by a bushing as suggested in Fig. 324. Porcelain bushings, 
specially made for the purpose and so arranged that they can 
be substantially fixed in the cover, are the best for this service. 
However, ordinary composition bushings may be approved 
for this service by some inspectors if, after the bushing is 
inserted in the hole, it is heated with a match until plastic 
and then formed over at the side of the cover so that it cannot 
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fall out. The metal of an outlet box cover is so thin that the 
few threads that can be cut in it are not sufficient to hold 




Key - 



Fio. 324. — Insulating bushing Fio. 325. — Flexible tubing prot«c- 
pro(«eting flexible cord where it tion for lamp com. 

paases through box cover. 



Fio. 326. — Arrangement of cut^uta for multiple arc lamps. (Note 
that it would be better practice to uae instead of the fuaed switch, ES, 
shown above, one fused at the handle end, so that the blades would be 
dead when the switch is open. Or, if a separate cut-out and switch are 
used at E and S, the switch should, preferably, be reversed from the posi- 
tion shown, see Fig. 201.) 

substantially the ordinary composition bushing like that of 
Fig. 322. Furthermore, these composition bushings are so 
brittle that they break frequently. 
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Cord in places where it is liable to become saturated with 
oil, as in machine shops or factories where the key sockets 
are operated by men with oily hands, may be protected by 
flexible tubing as shown in Fig. 325. 

33. ARC LAMPS ON CONSTANT-POTENTIAL CIRCmTS. 

(For construction of Arc Lamps see No. 74) 

Multiple or constant-potential arc lamps operate in multiple 
as shown in Fig. 326, A and B, from constant-potential cir- 
cuits. In some cases groups of lamps are connected two or 
more in multiple-series across the circuit as indicated at C 
and D; this method is used for flame arc lamps or for two 
lamps in series across a 220-volt circuit. 

33o. H/. ARC LAMPS ON CONSTANT-POTENTIAL CIRCUITS. 
Must have a cut-out (see No. 19a) for each lamp or each series of lamps. 

Each arc lamp or series of lamps served from a constant- 
potential circuit must be protected by a fuse, as shown in Fig. 
326. The multiple lamps A and B are protected respectively 
by the fuses G and H. The lamps C and D in multiple-series 
are protected by the fuses /. 

33o. VI' ARC LAMPS ON CONSTANT-POTENTIAL CIRCUITS. 
The branch conductors must have a carrying capacity about fifty per 
cent in excess of the normal current required by the lamp. 

Provision for large starting current must be made in arrang- 
ing circuits for arc lamps. At the instant at which the lamp 
starts, the carbons are together and would, if it were not for 
the fact that there is always a ballasting resistance or its 
equivalent in series with the arc, create a dead short-circuit. 
In any case, the initial current is relatively great. Further- 
more, the feed mechanisms of these lamps sometimes ''stick'' 
and currents of considerable intensity then flow through the 
lamps for extended periods. Hence, the branch conductors, 
as for example, GJ and HK in Fig. 321, should always be 
capable of carrying a current (in accordance with the values 
of Rule 18) 50 per cent, greater than the normal operating 
current required by the lamp. If this excess conductor 
capacity is not provided, there is always a tendency to overfuse 
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the cooductors so that they will pass the starting current. 
Where a main, for example EF, Fig. 326, feeds a number of 
arc lamps vhich may all be switched in or out of circuit at the 
same instant by the switch S, the 
conductors of such a main should 
preferably also have 50 per cent, 
excess current-carrying capacity. 

336. ^7. ARC LAMPS ON CON- 
STANT-POTENTIAL CIECUITS. 
Must only be furnished with such resist- 
ances or regulators as &re enclosed in non- 
combustible m&terial, guch lesistances 
being treated as sources of heat. Incan- 
descent lamps must not be used for this 
purpose. 

Resistors or regulators for arc 
Fia. 327.-Multiple^riefl '""P^ »« "suaUy mounted within 
arc lamp equipped with ex- the metal casingS of the lamps but 
temal resistance and cutout, frequently they are, as shown in 
Figs. 327 and 328, arranged as separate units. Where 
such construction is used, the casing enclosing the resistor 
must always be so arranged that it is not adjacent to in- 
flammable material. These 
resistors may under certam ^ A.r 

conditions become hot enough 
to originate a fire. 




33c. UJ. ARC LAMPS ON 
CONSTANT-POTENTIAL CIR- 
CUITS. Must be suppUed with 
globes and protected by spark ar- 
resters and wire netting around the Fio. 328. — Connections of auto- 
globe as in the case ot series arc matio cut-out and resistance for 
lamps (see No. 21). P"?^' <'»"='"*5f<= 'S"'P- 'Two in 

33..\77. ARC LAMPS ON «^n- across 220 volts.f 
CONSTANT-POTENTIAL CIRCUITS. Outside arc lamps must be 
suspended at least eight feet above sidewalks. Inside arc lamps must 
be placed out of reach or suitably protected. 

To prevent interference by tlie unauthorized, all arc lamps 
should be installed high enough above the ground or floor so 
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that they cannot be reached without a ladder. Experience 
has shown that observance of this provision may obviate 
much trouble. 

33d. %I. AEC LAMPS ON CONSTANT- 
POTENTIAL CIRCUITS. Lamps when 
arranged to be raised and lowered, either 
for carboning or other purposea, shall be 
connected up with stranded conductoni 
from the last point of support to the lamp, 
when such conductor is larger than No. 14 
B. & S. gage. 

Stranded leads should be provided 
for lamps that are to be raised and 
lowered. That is, the leads should 
be flexible because leads of solid wire 
will be strained by the bending ac- 
tion, as the lamp is raised and low- 
ered and as the relatively long loops 
swing back and forth in the wind, 
and will ultimately break. 

A good metiiod of hanging aic 
lamps is shown in Fig. 329, wherein the lamp is supported 
by a conduit hanger through which the conductors pass and 
which is at each of its ends 
fitted with an approved out- 
let fitting. Porcelain hanger 
blocks, similar to that illus- 
trated in Fig. 330 can fre- 
quently be utilized to ad- 
vantage. These can be pro- 
cured either with or without 

17 oon »« 1^- T 1 fuse receptacles or with or 

Fia.330.— Multiple-are-lamp ^ 

hanger block arranged on fitting Without switches. They pro- 
Mi)ecially designed for exposed con- ^^^ ^ very compact rugged 
arrangement. 




duit wiring. 



33«. H/. ARC LAMPS ON CONSTANT-POTENTIAL CIRCUITS. 
Economy and compensator coils for arc lamps must be mounted on non- 
combustible, non-absorptive, insulating supports, such as glass or porce- 
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laiiii allowing an air space of at least one inch between frame and support, 
and must in general be treated as sources of heat. 

34. VAPOR LAMPS. 

ENCLOSED MERCURY VAPOR LAMPS 

Mercury vapor lamps consist (as shown in Fig. 331 and dia- 
grammed in Fig. 332) of a glass tube which contains a vapor 
of mercury. When an electric current is forced through this 
vapor it becomes luminous, emitting a light of a greenish cast. 
To start the tube it is necessary to tilt it permitting the 
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Fig. 331. — Single-tube mercury vapor 

lamp. 



Fig. 332. — Elementary cir- 
cuit diagram of wiring for a 
single-tube mercury vapor 
lamp. 

mercury in the cathode bulb to bridge between the cathode 
and the anode. A resistance, 72, Fig. 332, or its equivalent, 
is provided to limit this starting current and to vary current 
taken by the tube. Figs. 331 and 332 illustrate but one of 
many possible forms. Where great intensity of light is re- 
quired a number of tubes are arranged in one bank to form a 
lighting unit. 

34o. H/. MERCURY VAPOR LAMPS. Must have cut-out for 
each lamp or series of lamps except when contained in single frame 
and lighted by a single operation, in which case not more than five lamps 
should be dependent upon single cut-out. 

In wiring for mercury vapor lamps each tube or each series 
of tubes, when a number are mounted in a single frame, should, 
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as shown in Pig. 332, be protected by fuses. A double-pole 
switch should be provided. In no case should more than five 
tubes be fed through a set of fuses. 

346. H/. MERCURY VAPOR LAMPS. Must only be furnished 
with such resistances or regulators as are enclosed in non-combustible 
cases, such resistances to be treated as sources of heat. In locations where 
these resistances or regulators are subject to flyings of lint or combustible 
material, all openings through cases must be protected by fine wire gauze. 

mOH-POTENTIAL VACUUM TUBE SYSTEMS 

The Moore tube system is a high-voltage vacuum tube 
lighting system which has been used to some extent, particu- 
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Fig. 333. — ^Diagram of a high-potential vacuum tube system. 

larly for advertising. It is illustrated diagrammatically in Fig. 
333. A continuous clear-glass tube ABCDEF, usually 1% in. 
in diameter, is arranged around the ceiUng of the room to be 
illuminated. The tube may have a length of only a few feet, 
or it may be of a length as great as 200 ft. The tube has 
within it rarefied air or a non-metallic gas. Now, if a high 
voltage is impressed on the ends of the tube as at A and F, 
Fig. 333, the rarefied gas within the tube will glow and give 
forth Ught. Where the tube has a rarefied air filling, the 
Ught is pink, but lights of other colors can be produced by using 
different gases within it. The voltage required across AF for 
a tube 100 ft. long is 7,150 volts. For a 150-ft. tube a pres- 
sure of 9,750 volts is required and for a 200-ft. tube 12,250 
volts pressure is required. These tube systems operate satis- 
factorily only on alternating current because the high voltage 
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required cannot be obtained readily with direct current. 
The high voltage impressed across the tube tennihals AF is 
developed with a step-up transformer having a low-tension 
voltage of 110 or 220. 

34<j. V. VACUUM TUBE SYSTEMS. The tube must be so in- 
stalled as to be free from mechanical injury or liability to contact with 
inflammable material. 

34d V' VACUUM TUBE SYSTEMS, ffigh-potential coils and 
regulating apparatus must be installed in approved steel cabinet not less 
than one-tenth inch in thickness; same to be well ventilated in such a 
manner as to prevent the escape of any flame or sparks, in case of burnout 
in the various coils. All apparatus in this box must be moimted on slate 
base and the enclosing case positively grounded. Supplying conductors 
leading into this high-potential case to be installed in accordance with 
the standard requirements governing low-potential systems, where such 
wires do not carry a potential of over 300 volts. 

The enclosure for the step-up transformer used with the 
Moore vacuum tube system is, as provided by the manufac- 
turers, of metal and, therefore, non-combustible. The auxiUary 
apparatus otherwise conforms to the requirements outlined 
by the Code. 

In wiring for a high-potential vacuum tube system the 
circuit may be arranged about as shown in Fig. 333. Each 
tube should be controlled by a double-pole switch and 
protected by a cut-out. 

36. GAS FILLED INCANDESCENT LAMPS. 

Gas-filled incandescent lamps, Fig. 334^ are tungsten lamps 
the bulbs of which contain an inert gas. The filaments of 
ordinary or *' vacuum" incandescent lamps operate in a 
vacuum. It is possible to operate the timgsten wire fila- 
ments at higher temperatures in the gas-filled bulbs. The 
presence of the gas retards the evaporation of the filament. 
Nitrogen has been used for the inert gas; hence the lamps are 
often designated as nitrogen-filled lamps. Because of their 
high operating temperature the gas-filled lamps are consider- 
ably more efficient than the vacuum lamps. They are some- 
times called Mazda Type C lamps to distinguish them from the 
vacuum tungsten lamps which are called Mazda Type B. It 
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should be remembered then that the filaments of gas-filled 
tungsten lamps operate at exceedingly high temperatures and 
in wiring for them this feature must be considered. Obviously 
it becomes of importance 
only at locations in or near 
the fixtures containing the 
lamps. The bulbs of these 
lamps may become very hot. 

35a. V- GASFILLEDLAMPS. 
Must be so grouped that not more 
than 660 watta (nor more than 16 
sockets or receptacles) are to be 
dependent on one cutout except 
that in cases where wiring equal in 
sise to No. 14 B. & S. gage is car- 
ried directly into keyless sockets or 

receptacles, the location of which j.^^, 334._Typical gaa-fiUed-lanip 
IS such as to render unlikely the construction, 

attachment of flexible cords 

thereto, the circuits may be so arranged that not more than 1,320 
watts (or 32 sockets or receptacles) will be i^ependent on the final cutout. 
Where a single socket or receptacle is used on a circuit the limitation of 
watts permissible on the final cutout shall be the maximum capacity for 
which such socket or receptacle is approved. 



>f gas-filled incandescent 

The permissible load on a gas-filled incandescent lamp 
circuit is determined in a measure by the sizes of the con- 
ductors in the circuit. If any of the lamps on a circuit (AB, 
Fig. 336) is served through conductors smaller than No. M 
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tlist is, through No. 18 fixture wire or lamp cord, then the maxi- 
mum load that should be fed through a single set of fuses Fi 
is 660 watts. Not more than 16 sockets should be connected 
to such a circuit. The fuses (Rule 23e, HIV) may be of 10- 
amp. capacity as illustrated. If the conductor connected to 
the branch circuit is in no case smaller than No. 14, then, as 
shown at CDEF, a load of 1,320 watts or 32 sockets or recep- 
tacles may be served through one cut-out, which may, on a 
llG-volt circuit, be protected by a 20-amp. fuse, Ft, in 
accordance with the provision of Rvle 23d, 1fV77. 




X 

l-Mogun ll-Medium 

(1500 Watts- 600 VolH) (eeo Wcrttt-t50Volt») 



The permissible load on a single socket or receptacle 
through which a ga^-filled lamp is served is determined by the 
size of the socket or receptacle. A keyless socket or receptacle 
of the Mogul type (Fig. 336, I) has, except as noted below, 
(Rule 35c, *\I) a capacity of 1,500 watts on either 250 or 600 
volts, A "medium" keyless receptacle or socket (Fig. 336, 
//) has ordinarily a capacity of 660 watts on either 250 or 
600 volts. Key sockets have ordinarily a capacity of 250 watts 
or 660 watts on 250 volts. Those for 660 watts are of more 
rugged construction than the smaller ones. However {Rule 
35c), medium-base sockets or receptacles should not be used for 
carrying gas-filled lamps of capacities exceeding 200 watts. 
Key-switch Mogul sockets should not be used. It is better 
346 
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to use a Bocket of the keyless 
type and control it with a sepa- 
rate switch. 

356. V- GAS FILLED LAMPS. 
Must not be used in show windows 
or in other locations where inflam- 
mable material ia liable to come in 
contact with lamp equipment except 
where used in connection with ap- 
proved fixtures where temperature 
of any exposed portion of same 
does not exceed 200 degrees Fahr. 
(93 degrees Centigrade). 

Gas-fiUed lamp fixtures for 
interior service are shown in 
Figs. 337 and 338. These 
illustrations indicate typical 

conatruction but fixture, of J- S^SS'lTilit'S;! 
many different types which lamp. (National X-ray reflector 
will give 'satisfactory service "'"""P^'^y-) 
are available. Note that the 
important feature in each of 
the designs shown is that the ^l^I^Ji 
gas-filled lamp (which may be- ' 

come very hot in service) is 
supported entirely clear of any 
combustible material and it is 
so arranged that the i 
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FiQ. 338. — An armory lighting unit using a 1,000-watt gas-fiUed lamp 
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<- Arc Lamp Casing, 
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circulate about it freely and thus tend to keep the lamp 
and the fixture cool. Fig. 339 indicates how an arc lamp 
casing may be adapted into a container for a gas-filled lamp. 

The arrangement shown is that 
of the Metropolitan Engineering 
Company^ New York. The 
long cylindrical portioti of an 
arc lamp casing, when it is 
arranged as shown, consti- 
tutes a chimney which is very 
effective in creating a draft. 
Cool air is drawn in at the 
hole at the bottom of the globe, 
becomes heated, rises in the 
flue and flows out at A and A. 
It also induces cool air to enter 
at B and B above the top of the 
globe. This cool air impinges 
Hole- ' on what would ordinarily be the 

Fig. 339.— Old arc lamp con- hottest part of the lamp. It is 

verted into a container for a ga«- claimed that the system of cir- 
filled incandescent lamp. _ . .__ , ... 

culation illustrated mamtams 

the temperature of the lamp as low as if it were supported in 

air without any globe or fixture associated with it. 

35c. If/. GAS FILLED LAMPS. Must not be used in connection 
with medium-base sockets or receptacles if of above 200 watts nominal 
capacity nor with Mogul base sockets or receptacles if of above 1,500 
watts capacity. If of above 100 watts, must not, if provided with a 
shade, reflector, fixture or other enclosure above the socket, be used in 
either medium or Mogul base types of sockets or receptacles having fibre 
or paper linings. 

The dimensions of medium bases and Mogul bases for 
incandescent lamps are indicated, actual size, in Fig. 340. 
Although medium-base sockets are ordinarily given a rating 
of 250 watts {Rule 72a) they should not be used for feeding a 
gas-filled lamp of a greater capacity than 200 watts. Mogul- 
base sockets may serve gas-filled lamps of ratings up to and 
including 1,500 watts. Insulating linings of combustible 
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material are not permitted in sockets or receptacles for gas- 
filled lamps if the lamp has a rating of over 100 watts and the 
socket is equipped with a shade, reflector or similar auxiliary 
that might prevent free circulation of air. Experience has 
shown that paper or fiber lin- , 

ings in sockets carrying large Y '^ . 

gas-filled lamps may, if air 



(Slyle mO.UnshlrtBd) <,Style 40t>,Unskirteet) 

FtG. 340. — "Medium" and "Mocul" incandescent-lamp bases. (Ac- 
tual size.) 

circulation is retarded, be "cooked" and thereby rendered 



35ii 1 /. GAS FILLED LAMPS. Fixtures within buUdings must be 
wired with conductora ot apprtysed alow-burning or asbestos covering 
where the temperature to which wire is subjected at any point exceeds 
120 degrees Fahc (4d degrees Centigrade). Where fixtures are placed 
outside of buildings approved rubber insulated wire is required. 

Gas-filled lamp fixtures for outdoor service are illustrated 
in Figs. 341 and 342. That pf Fig. 341 is typical of the fixtures 
used for store-front and other lighting of similar character. 
Note from the sectional elevation // that provision for effect- 
ive air circulation, particularly around the base and neck of 
the lamp where the temperature tends to be highest, has been 
provided. Fig, 342 illustrates the construction of the lighting 
units furnished by the National X-ray Reflector^ Company for 
the "fiood-lighting" illumination of the Woolworth Building 
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tower, New York City. The problem in this case was to design 
a fixture that could be tilted or placed at any angle, which 
woiild be thoroughly ventilated and which, at the same time. 




FlO. 341. — Typical gaa-filled lamp fixture for outdoor service. 

would exclude rain and moisture from the interior. The 
sectional elevation of // indicates how the problem was solved. 



C„.„.„s.i..o 



(sum Support Conduit) 



Lips or deflecting rings are provided so that if rain does enter 
the air-vent holes at the top or sides, it will flow around and 
drip out of the vent holes at the bottom. 
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36. TRANSFORMERS. 

(See also Nos, 11, 14, 15, and 45) 
(For construction of Transformers see No. 81) 

OIL TRANSFORMERS 

36a. If/. OIL TRANSFORMERS. Must not be placed inside of any 
building except central stations and sub-stations, unless by special 
permission. 

The reason why oil-cooled transformers should not be 
installed within buildings is that they always constitute a 
source of considerable fire hazard. The oil is combustible 
as are the oil-saturated insulating materials on the windings. 
The oil may become ignited due to a continuous overload on 
the transformer or to a short-circuit or ground within it. 
Lightning may ''burnout" transformers. However, there is 
usually Uttle difficulty in obtaining permission from an In- 
spection Department for the installation of low-tension trans- 
formers within buildings if the winding and oil are sealed within 
an oil-tight, iron case. Many such transformers are installed 
within buildings in practice. 

AIR COOLEJD TRANSFORMERS 

Tfie following sections do not apply to apparatus or fittings^ the operation 
of which depends either whoUy or in part upon special transformers em- 
bodied in the devices^ hut all such apparatus or fittings must he submitted 
for special examination and approval before being used. 

366. If/. AIR COOLED TRANSFORMERS. Must not be placed 
inside of any building excepting central stations or sub-stations, if the 
highest voltage of either primary or secondary exceeds 550 volts. 

36c. If/. AIR COOLED TRANSFORMERS. Must, with the excep- 
tion of bell ringing and other signaling transformers, be so m9unted that 
the case shall be at a distance of at least one foot from combustible mate- 
rial or separated therefrom by non-combustible, non-absorptive, insulat- 
ing material, such as slate, marble or soapstone. This will require the use 
of a slab or panel somewhat larger than the transformer. 

37. DECORATIVE LIGHTING SYSTEMS. 

37. V, DECORATIVE LIGHTING SYSTEMS. Special permis- 
sion may be given in writing for the temporary installation of approved 
Systems of Decorative Lighting, provided the difference of potential 
between the wires of any circuit shall not be over 150 volts and also pro- 
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vided the difference of potential between the wires of any circuit shall 
not be over 150 volts and also provided that no group of lamps requiring 
more than 1,320 watts shall be dependent on one cut-out. 

Sockets used for decorative or temporary lighting systems 
are shown in Fig. 343. In that of I, pointed contactors are 
provided which will penetrate the insulation on No, 12 or 14 
wire and connect with the copper conductor when the screws 
are tightened. Obviously with this type it is not necessary 
to "skin" the wire. Only stranded wire should be used in 




(perspective , - . 

l-,Crou5e Hinds H-Senerfll Electric 

Fio. 343. — Sockets for temporary or decorative lighting systems. 

this work because the sharp points may cut a solid conductor 
or nick it so badly that it will break. Metal hooks to engage 
with a non-current-carrying span wire are provided on the 
socket shown at //. Only approved fittings should be used in 
these "decorative" lighting systems. 

38. THEATRE AND MOVING PICTURE ESTABLISHMENT 
WIRING. 

Absolute reliability and safety are the features that dictate 
theater-wiring requirements. Because of the large amount of 
capital invested in theaters and because of the fact that large 
numbers of people assemble in them, every precaution should 
be taken to prevent the possibility of a fire due to an electrical 
or any other origin. For these reasons, only the best methods 
of wiring should be used. It follows that all conductors 
ahould, where possible, be carried either in rigid or flexible 
conduit, in metal molding, or should be armored cable. It 
is possible to wire the auditorium and all parts of the theater, 
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except the stage, by one of these methods. However, on the 
stage, as will be described, many portable electrical devices are 
used which can be satisfactorily fed only through flexible con- 
ductors, the rubber-and-braid insulation on which provide the 
only protection. These conductors that are not protected by 
metal should be used only where it is essential that conductors 
be flexible. 

The life-hazard feature is of as great or even possibly of 
greater importance than that of fire hazard in theater electrical 
construction. That is, precautions must be taken to prevent 
the starting of small fires or flashes which, while they might 
do na property damage, could create a panic and thereby result 
in loss of life. 

• 38. V' THEATRE WIRING. All wiring, apparatus, etc., not 
specifically covered by special rules herein given, must conform to the 
general requirements of this Code, and the term "theatre" shall mean a 
buOding, or that part of a building regularly or frequently used for dram- 
atic, operatic, moving picture or other performances or shows or which 
has a stage for such performances used with scenery or other stage 
appliances. 

a. SERVICES 

38a. V. THEATRE WIRING— SERVICE. Where supply may be 
obtained from two separate street mains, two separate and distinct 
services must be installed, one service to be of sufficient capacity to sup- 
ply current for the entire equipment of theatre, while the other service 
must be at least of sufficient capacity to supply current for all emergency 
lights. Where supply cannot be obtained from two separate sources, the 
feed for emergency lights must be taken from a point on the street side of 
main service fuses. By "emergency lights " are meant exit lights and all 
lights in lobbies, stairways, corridors, and other portions of theatre to 
which the public have access, which are normally kept lighted during 
the performance. 

There should be at least two services for every theater. 
The auditorium and stage-lighting circuits, that is, the 
general circuits, may be fed from one of these services, while 
the other service should feed exclusively the "emergency'' 
lights as shown in Figs. 344 and 345. The emergency lights 
comprise all of the Ughts that illuminate the exit doors and the 
passages which would be used by people in passing from the 
theater. The idea is to insure, in so far as possible, that there 
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will always be sufficient light even in case of fire or other acci- 
dent, and even if the general lighting system is inoperative, to 
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FiQ. 344. — Dit^nunmatie layout of serrie«a imd circuit artangementa for 
a theater. 

(Note— Cantrsr; to tbe arraDEsmeut shown above, it ie caneidered beet pructioe to 
bave only the main iwitoh control the eiit liihta bo that when the main iwitch for the 
emeraenoy lighta a cloaed, the eiit lights will remain illuminated and un not b« eitin- 
guiahed by a aaparate switoh,) 

permit the audience to pass from the theater and to provide 
firemen sufficient light to work by. In Fig. 344, the general 



lighting service CD runs from the manhole underground to a 
main distributing board. From there the sub-feedera radiate 
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to the different electrical loads, one of them feeding the stage 
switchboard at B. The emergency-light service EF is entirely 
independent of CD. It also passes underground from the 
Btreet manhole to its own service switch and fuse and thence 
to the emergency-light distributing board, which should be 
(Ryie 38i, 1[///) located in the lobby, box office, or other 
convenient point in the front of the house. 

U two different mains are available in the street, a separate 
service should be taken from each of these, one for the 
emergency and one for the general lighting, in preference to 
having both of them feed from the same main, as shown in 
Fig. 344, In any case, the two services into the building 
should be entirely independent, even if they must feed from 
the same street main. It is desirable that each of these services 
be routed by different courses from the manhole or pole, to 
the service switch in the theater. The emergency-lighting 
circuits and the general-lighting circuits should in no way be 
interconnected in the theater. Fig. 345 illustrates diagram- 
matically the above discussed principles. 

38a. VI- THEATER WIRING— SERVICE. Where source of sup- 
ply is an isolated plant within same building, a,u auxiliary service of at 
least sufficient capacity to supply all emergency lights must be installed 
from some outside source, or a suitable storage battery ffithin the 
s may be considered the equivalent of such service. 



If the theater lighting is 
furnished by an isolated plant, 
an auxiliary source of e.m.f. 
should be provided for the 
emergency lights so that if the 
isolated plant becomes inopera- 
tive at the time of a fire the 
emergency lights can be served ^*f=^ t it-ri/ies 
from the auxihary source, ^H^Jj 
For example, a storage battery ^^^^Jf ^errfro/or 
may be used as suggested in Via. 346. — Storage battery ar- 
Fig. 346. The storage battery ranged for emergency service, 
should preferably be kept charged at all times and the 
emergency hghts should be fed from it. However, if desir- 
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able, these lights may be served from the generator bus bars 

by throwing the double-throw switch. 
An auxiliary-fuse switch, Fig. 347, is often inserted in the 

sub-feeder which serves the auditorium lights. This is merely 

If one set of the fuses "blows'' 
the auditorium can be relighted 
quickly by merely throwing the 
switch to the reverse position. 



a double-throw fused switch. 
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i 6. STAGE 

386. If/. THEATER WIRING 

■ToAuditorium —STAGE. AU permanent con- 
Yi Lkjhj DisMbuf/on stniction on stage side of prosce- 
nium wall, except as hereinafter 
Fig 347.— Double-throw fused provided, must be avwoved conduit 
switch cut m auditonum-bght ^ j ii 

circuit. ®^ armored cable. 

The stage of a theater is a particularly hazardous place 

because of the large amount of combustile material that is 
always present and because of the fact that it is necessary to 
use considerable stage cable and other electrical conductors, 
not protected by metal casings, to produce the electrical and 
lighting effects that are necessary. Temporary connections 
are, of necessity, frequently utilized. Hence, the most strin- 
gent rules govern the construction and installation of stage 
electrical apparatus. The conductors should always where 
possible, be enclosed in iron-clad runways and cabinets — except 
where other construction is essential because of practical 
considerations. 

C. SWITCHBOARDS 

38c. 1. H/. THEATER WIRING— SWITCHBOARDS. Must be 
made of non-combustible, non-absorptive insulating material, and where 
accessible from stage level must be protected by a suitable guard-rail 
to prevent accidental contact with live parts on the board and comply 
with the requirements of Rule 3. 

Switchboards for theaters should satisfy all of the general 
requirements outlined in Rule 3 for all switchboards. In ad- 
dition there are certain special requirements governing the 
construction and installation of stage switchboards (Fig. 348). 
Frequently there are two switchboards in a theater, the dis- 
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tributing switchboard, A, Fig. 344, and the stage switchboard, 
B. In addition to these switchboards there are numerous 
distribution cabinets. A stage switchboard is usually installed 
at a rather hazardous location (B, Fig. 344) on the stage at 
one side or the other of the proscenium arch. 

A stage switchboard should preferably be located above the 
stage level, so that it is necessary to mount a couple of steps to 



get to it. The reason for this is that performers, who are fre- 
quently dressed in flowing garments or in costumes that are 
composed partially of conducting materials such as metal and 
tinsel, are constantly passing the board. If the board is close 
enough, these conductors in the costumes, unless|^the board ■= 
357 
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protected, may contact with the switches on the board and 
cause short-circuits. Whether or not the switchboard is 
elevated above the stage level, a railing should always be 
installed in front of it, as suggested in Fig. 348. It is good 



Fia. 349. — A "dead face" theater switchboard. (Sprapie Electric 
Company, Weber and Fields Music Hall, Roof Garden, New York.) 

construction, where feasible, to arrange a wire-grating enclo- 
sure entirely around the switchboard. Stage switchboards 
are made which have no live parts on their fronts (Fig. 349). 
These, of course, are desirable but are more expensive than 
those of the ordinary type shown in Fig. 348. 
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38c. 2. V- THEATER WIRING— SWITCHBOARDS. Dimmers 
must be dead when the switch controlling circuit of which dimmer forma 
a part is open. 

A dimmer (Figs. 350 and 351) is merely a rheostat cut in 
aeries between the source of supply and a group of stage light- 
ing incandescent lamps, used for decreasing the intensity of 



Fia. 350.— Theater dimmer 



the illumination where it is desired to produce "evening" or 
"dark" effects. 

Dimmer circuits must always be fed through double-pole 
switches as suggested in' Fig. 351^ so that when the switch 
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Fig. 351.— Theater dimm 



is opened, the dimmer will be absolutely "dead." This re- 
quirement follows, of necessity, for all dimmers controlling 
circuits of capacities exceeding 660 watts, because of the pro- 
visions of KvXt 24C| If/, which requires that all incandescent- 
lighting circuits serving loads in excess of this capacity be fed 
through double-pole switches. Dimmers are usually incorpo- 
rated in the stage switchboard as shown in Fig. 348. 
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d. FOOTLIOHTS 

38d. V- THEATER WIRING— FOOTLIGHTS. Must be wired in 
O'pproved conduit or armored c&ble, each lamp receptacle being enclosed 
within an approved outlet box, or the lamp receptaclea may be mounted 
in an iron or steel box, metal to be of a thickneee not leaa than No. 20 
U. S. Sheet Metal gage treated to prevent oxidation, so coostructed as to 
enclose all the wires and providing at least one-half inch separation be- 
tween the metal of the box and receptacle terminals. Wires to be soldered 
to lugs of receptacles. 

VeeimnngBon ..Incandescent Lamps 









h- - ^Length as Spumed- J 



I-Double Row-l 




]-5ing1eRowliiverted E-DoubleRow T-Slngfe Row 

Fig. 352. — Typical footligbt arrangements. 

The desideratum in stage lighting is usually to eliminate 
pronounced shadows. The footlights, border lights, and other 



lighting devices to be hereinafter described, 
utilized to produce this general effect. 
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Footlight construction is ehown in Figs. 352, 353 and 354. 
Tliere are a number of different methods of making footlights, 
but those illustrated are typical. In modern theaters, the 
sheet-iron footlight trough com- 
prising the reflector and wiring 
box, rests but is not fastened in 
a semicircular groove (Fig. 352) 
in the concrete floor at the front 
of the stage. The entire foot- 
light trough can be removed 
whenever necessary for cleaning 
or for any other purpose. Fre- 
quently a cast-iron "nose" is 
provided which rises from the 
front over that part of the foot- 
light reflector which extends 
above the floor. The nose pro- 
tects the projecting portion 
from mechanical injury. Fig. 354.— Sectional view of typical 

AM footlight wiring must be ^^^ 

enclosed in a metal casing or in a box which may be con- 
structed about as detailed in Fig. 353. Fig. 354 shows a sec- 
tion through a wiring box of this character. The box of Fig. 
354 was designed for use in 
border-light wiring, but the 
general construction indicated 
could be used for footlights. 
Footlight wiring may be, but 
seldom is, carried in wrought- 
iron conduit. 
Receptacles for foot, border. 




■Receptacle of the type proscenium, side and strip lights 
• ■ irden 



FiQ. 355. , 

used in wiring footlights, boi 
and side lights (G. E. No. 152). 



are usually of the general form 
detailed in Fig. 355. They are 
supported in the wiring boxes as indicated in Fig. 354, each recep- 
tacle being held therein by two stove bolts. The conductors 
should always be soldered in the receptacle terminals to mini- 
mize the likelihood of their becoming loose and making trouble. 
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38d. VI. THEATER WIRING— FOOTLIGHTS. Must be so 
wired that no set of lamps requiring more than 1,320 watts nor more than 
32 receptacles shall be dependent upon one cut-out. 



BOBDERB AND PB03CGNIT7H 

38e. 1. V. THEATER WIRING— BORDEHS AND PROSCEN- 
IUM. Must be constructed of steel of a thickness not less than No. 20 
U. S. Sheet Metal gage, treated to prevent oxidation, be suitably stayed 
and supported, and so designed that flaogea of reflectors will protect 

Bolder lights are arranged to hang horizontally suspended 
from above and throw their hght downwardly. They are 




I-Manhcitten Type 
Fro. 356.— Sectional v 



s of border lights of different types. 



concealed by the scenery borders. Their general construc- 
tion is the same as that of footlights. All of the conductors 
must be enclosed in metal casings. Fig. 356 shows sectional 
views of border tights of different types that may be used to 
satisfy different requirements. The border lights which are 
suspended by chains can be adjusted as to position by changing 
the suspension hook from hnk to link in the chain which aup- 
ftorts the trough. Thus the trough may be hung in a position 
tilted more or less from the vertical, as conditions require. 

Proscenium lights are usually arranged about as dia- 
grammed in Fig. 357, being set vertically along at the inner 
edge of the proscenium arch sides and are concealed from the 



^ 
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view of the audience. They are of the same general construc- 
tion as footlights and border Ughts, their conductors beiiyj 
enclosed in wiring boxes which <^-^;,^ 

also protect the major portions 
of the lamp receptacles. 

38e. 2. V- THEATER WIRING 
—BORDERS AND PROSCENIUM. 
Must 'be so wired that no set of 
lamps reqviiring more than 1,330 watts 
nor more than 32 receptacles shall be 
dependent upon one cut-out, 

38e. 3. f/. THEATER WIRING 
—BORDERS AND PROSCENIUM. 
Must be wired in approved conduit or 
armored cable, each lamp receptacle 
to be enclosed within an approved 
outlet box, or the lamp receptacles 
may be mounted in an iron or steel 
box, metal to be of a thickness not 
less than No. 20 U, 8. Sheet Metal 
g^e treated to prevent oxidation, ao 
constructed as to enclose all wires. 
Wires to be soldered to lugs of 
receptacles. 

38«. 4. V. THEATER WIRING C-Pirapecfivt m-Ekvation 

—BORDERS AND PROSCENIUM. Fig. 357.— Proscenium side light. 
Must be provided with suitable 

guards to prevent scenery or other combustible material coming in 
contact with lamps. 

=m 

'pipe Bath 

■ No. iO Sage Sheet Steel- 





PaintedlVhite/ Sfrop-lronBt 
Inside Spaced 4 hS'f lot 

I-5ettion E-Partiol PerspecUve View 

Fio. 3SS. — Construction and hanging of border light. (Kliegl Bros.) 

Guards to prevent combustible materials cootacting with 
border and proscenium-light lamps should be provided as 
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Hemp 
Rope 



Wire 
Rope 



suggested for border lights in Figs. 358 and 359 and for pros- 
cenium lights in Fig. 357. For border lights these guards 
usually comprise strap iron bands spaced 4 to 6 ft. center to 
center along the entire length of the border Ught. They are 
riveted to the reflector portion of the border-light trough and 
pass entirely around it. They prevent flopping scenery from 
touching the lamps. Wire netting, which was once used 
extensively for the fronts of border lights to prevent the scenery 
from touching them is now seldom applied, it having been 

found that the strap iron bands 
just described provide adequate 
protection. Prosceniiun lamp 
guards are similar, (Fig. 357), 
to those used for border lights 
and furthermore, the construc- 
tion of the prosceniiun lamp 
trough should be such that the 
lamps in it are protected in a 
measure, at least, from mechan- 
ical injury. 

38e. 5. If/. THEATER WIRING 
—BORDERS AND PROSCEN- 
lUM. Cables for borders must be 
of approved type and suitably sup- 
Fig. 359.—Method of supporting ported; conduit construction must 

Segl"^^^^^^^ ^* ^^ ^^ ^«^ ^^^^ switchboard to point 

where cables must be flexible to per- 
mit of the raising and lowering of border. 

Cables for border lights may frequently comprise many 
conductors, particularly where the stage is large, requiring 
long border lights. Ordinarily incandescent lamps of four 
different colors, white, amber, red and blue, are used in border 
lights. Frequently also there are more white lamps than 
there are lamps of any other color and these white lamps are 
further subdivided into groups so that different intensities of 
"white*' illumination may be obtained. These cables are 
made to special order in practically every case, because differ- 
ent conditions must be satisfied in nearly every installation. 
They should be constructed in accordance with the specifica- 

364 
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tions of Rule 51, Table Classification Tj and items g and h. 
One method of supporting a border-light cable is detailed in 
Fig. 359. The cables should be made long enough so that the 
border-light trough can be lowered to within about 5 ft. of 
the floor, thereby permitting the replacement of lamps. Be- 
cause of the relatively great length of these cables, it is 
necessary to hold the slack in them in a "cradle*' (Fig. 359) 
when the border light is raised to its normal position behind 
the borders. If the slack is not thus supported, it dangles 
down where it would be in the way and possibly in view of the 
audience. The cradle should always be used at the end of the 
line holding the slack. Frequently the endeavor is made to 
hold this slack by merely tying the line around the cable but 
the abrupt bend thereby produced will ultimately break the 
conductors. 

38e. 6. T7. THEATER WIRING— BORDERS AND PROSCEN- 
IUM For the wiring of the border proper, wire with approved slow- 
burning insulation must be used. 

Slow-burning insulation wire should be used for wiring 
border lights because with them considerable heat is developed 
in a restricted space. The shape of the border-light trough is 
such that it tends to prevent circulation and promotes the 
retention of the heat. Rubber-insulated conductors may be 
"baked" under these conditions. 

38c. 7. T/. THEATER WIRING— BORDERS AND PROSCEN- 
IUM. Borders must be suitably suspended, and if a wire rope is used 
same must be insulated by at least one strain insulator inserted at the 
border. 

The suspensions for border lights should be arranged sub- 
stantially as shown in Fig. 359. The border-light trough 
hangs from a l}4:'in^ pipe batten. Lines from above, three or 
four in number, are made fast to the batten, spaced uniformly 
along its length and provide a support and a means of raising 
or lowering the border light. Border lights are heavy, hence 
wire ropes are used for their suspension in installations of any 
consequence. Where wire ropes are utilized, a strain insulator 
should be interposed, as shown in Fig. 259, between the end of 
the wire rope Une and the pipe batten. This insulator is 
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inserted for practically the same reaeons that dictate the pro- 
vision of canopy insulators {Rule 30a, ![/) in lighting fixtures 
suspended from gas pipes or other grounded objects. The 
strain insulator may be of the type used in street railway con- 
struction or may be of porcelain as in Fig. 162, The suspen- 
sion cables are frequently counterweighted so that little effort 
is required to raise or lower the- border lights. 

/. STAGE AND OALLEBT POCKETS 

3^. H/. THEATER WIRING— STAGE AND GALLERY POCK- 
ETS. Must be of approved type, insulated from ground and controlled 
from switchboard, each receptacle to be of not lees than 35 ampere rating 
for arc lamps nor 15 amperes for incandescent lamps, and each receptacle 
to be wired to its full capacity. Arc pockets to be wired with wire not 
smaller than No. 6 B. & S. gage and incandescent pockets with not less 
than No. 12 B. & 8. gage. 



Fig. 360. — Stage floor pocket in position. 

Stage pockets provide means of connecting cables serving 
portable electrical stage appliances to a source of supply. 
The floor pockets are arranged in the stage floor as shown in 
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Fig- 360. The wall pockets are mounted on or in the walla 
at the side of the stage or on the walls in the fly gallery (Fig. 



Fig. 361. — Type of approved wall pockets. {Kliegl Bros.) 
361). Each pocket contains a receptacle, Fig. 362, wherein 
suitable attachment plugs connected to the stage cable ends 
may be inserted . These stage 
pockets should be constructed 
wholly of non-combustible 



Fto. 362. — Receptacle and cover Fia. 363.~Brass flush wall pocket 
of Bta^e float pocket. (Spcague with plug in receptacle. . . (Kliegl 
Blectnc Co.) Bros.) 

materials and all bare current-carrying parts must be 
enclosed. 

Single and multiple pockets can be purchased. The single 
pocket accommodates one plug only. Multiple pockets (Fig. 
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360) can be purchased which will accommodate either two, 
three or four plugs. The four-plug pocket is probably the 
most frequently used. 

The plug handle should lie within the pocket when the plug 
is in position as shown in Fig. 360. For this reason receptacles 
of the construction of that of Fig. 363, which permits the plug 
handle to extend when the plug is in the receptacle, should be 
avoided. Where the plug handle "sticks out" as shown, the 
receptacle and the plug are liable to be broken accidentally. 

Tjrpica] stage-plug construction is shown in Fig. 364. 
Theee plugs must be of simple design and rugged construction, 
inasmuch as they are subjected to the most severe usage. 
In the type shown the contact springs are of phosphor bronze. 



1 -AHcmblcd n -Coble Grip Removed 

Fio. 361. — Typical 50-ampere, 125-volt, stage^ilug conBtraotion. 

(Sprague Electric Co.) 

The body of the plug is of hard fiber. A "grip" of fiber is 
provided to clamp the insulation, on the end of the cable, in 
the handle of the plug so that a strain cannot be imposed on 
the binding posts. 

3^. f //. THEATER WIRING— STAGE AND GALLERY POCK- 
ETS. Plugs for arcs and incandescent pockets must not be inter- 
changeable. 

Plugs for arc and incandescent tamps are so designed that 
an incandescent plug will not fit an arc pocket. This protec- 
tion is effected by slotting the arc plugs as shown in Fig. 365, 
and providing corresponding raised tongues on the sides of the 
arc-lamp receptacles. Arc-lamp receptacles should be capable 
of carrying not less than 35 amp. and incandescent lamp recep- 
tacles 16 amp. The receptacles of the two types are fused 
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^ontact Springs--. 



g. SCENE DOCKS 

38^. If/, theater] wiring 
—SCENE DOCKS. Where lamps 
are installed in Scene Docks, they 
must be so located and installed that 
they will not be liable to mechanical 
injury. 




accordingly; hence if an incandescent-lamp plug could be in- 
serted in an arc receptacle, the conductors and incandescent- 
lamp circuits feeding from the plug might be greatly overloaded. 
The arc-lamp receptacles must 
be protected by fuses of suffi- 
cient capacity to carry the 
heavy arc-lamp currents. 
Thirty-two receptacles, 1,320 
watts = 12 amp, on 110 volts, 
is the maximum load allowable 
on any incandescent-lamp 
circuit. 



Slot 



<ribr9'^ 



■p^ 



I- Arc 



n- Incandescent 
(Lnd Elevations) 

Fig. 365. — Showing how slot is 
cut in arc-lamp plug to accommo- 
LampS in scene docks (a scene date tongue in arc-lamp receptacle. 

dock is a part of the theater £^^fr*a£^'^r^a^ 
adjoining the stage where because these plugs are not 
scenery is stored when not in srooved.) 
use) are usually on the side walls. They should be protected 
by suitable guards or set in cavities in the wall so that scenery 
placed over them cannot contact with the lamps. 



}i. CURTAIN MOTORS 

38/i. If/. THEATER WIRING— CURTAIN MOTORS. Must be of 
enclosed type and installed so as to conform to the general requirements 
of this Gxie. (See No. 8.) 



t. CONTEOL FOR STAGE FLUES 

38t. If/. THEATER WIRING— FLUE CONTROL. In cases where 
dampers are released by an electric device, the electric circuit operating 
same must be normally closed. 

Stage flues are openings similar to sky lights placed in the 
roof directly over the stage. They should have doors which 
24 369 
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will open automatically to the outside air in case of a fire 
on the stage, to permit the smoke and hot gases from the stage 
to flow out into the air and not into the auditorium. The 
supposition is that the asbestos curtain will be lowered in case 
of a fire, so that the smoke will be, in a measure at least, pre- 
vented from entering the auditorium through the proscenium. 
Frequently the doors in these flues are controlled by electrical 
magnetically-operated devices so that they can thereby be 
opened in case of a conflagration. In many cases, however, 
fusible links arranged in combination with counterweights 
afford an automatic opening arrangement. 

38i. If//. THEATER WIRING— FLUE CONTROL. Magnet oper- 
a ting damper must be wound to take full voltage of circuit by which it 
is supplied, using no resistance device, and must not heat more than 
normal for apparatus of similar construction. It must be located in loft 
above scenery, and be installed in a suitable iron box with a tight, self- 
closing door. 

38t. VII' THEATER WIRING— FLUE CONTROL. Such dampers 
must be controlled by at least two standard single pole switches mounted 
within approved iron boxes provided with self-closing doors without lock 
or latch, and located, one at the electrician's station and others as 
designated. 

j. DRESSING ROOMS 

38i. If/. THEATER WIRING— DRESSING ROOMS. Must be 
wired in approved conduit or armored cable. All pendant lights must 
be e<luipped with approved reinforced cord, armored cable, or steel 
armored flexible cord. 

38i. If//. THEATER WIRING— DRESSING ROOMS. All lamps 
must be provided with approved guards which are sealed or locked in 
place. 

k. PORTABLE EQUIPMENT 

38fc. If/. THEATER WIRING— PORTABLE EQUIPMENT. Arc 
lamps used for stage effects must conform to the following requirements : — 

38A;. 1. If/, THEATER WIRING— PORTABLE EQUIPMENT. 
Must be constructed entirely of metal of a thickness not less than No. 20 
U. S. sheet metal gage except where use of approved insulating material 
is necessary. 

38A:. 2. If/. THEATER WIRING— PORTABLE EQUIPMENT. 
Must be substantially constructed, and so designed as to provide for 
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proper ventilation, and to prevent sparks being emitted from lamps when 
same are in operation, and mica must be used for frame insulation. 

38*, 3. V. THEATER WIRING— PORTABLE EQUIPMENT. 
Front opening must be provided with a self-closing hinged door frame, 
in which wire gauze or glass must be inserted, except in the case of lens 
lamps, where the front may be stationary, and a solid door be provided 
on back or side. 

38*. 4. V- THEATER WIRING— PORTABLE EQUIPMENT. 
Must be so constructed that neither carbons nor live parts will be brought 
into contact with metal of hood during operation, and arc lamp frames 
and standards must be so installed and protected as to prevent the lia- 
bility of their being grounded. 

Portable electrical stage equqxment comprisea leos arc 
lamps, Fig. 366, olivette lamps. Fig. 367, bunch lights, Fig. 
368, strip lights. Fig. 369, and similar 
devices. Obviously such apparatus 
must be constructed very carefully and 
ruggedly in order to minimize fire 
hazard. The illustrations show typical 
construction. 

Hand-fed arc lamps (Fig. 370) are 
used in stage lighting where it is de- 
sired to obtain a concentrated tight of 
great intensity. Automatic feed lamps, 
although they have been tried, have 
never proved successful for this service 
because of the fact that they flicker 
when they feed. The hand-fed lamps 

require constant attention and feeding, F"». 3M.— Lens arc lamp. 
but in spite of this disadvantage they 

will, if properly handled, produce an intense non-flickering 
light. 

Tungsten or Mazda stage lamps (Fig. 367) have been used 
to some extent since the development of.. the high-candle- 
power, gas-filled incandescent lamps and have the advantage 
that they require no attendance after having been set. They 
produce a powerful, white, penetrating light. 

38*. 5. f/. THEATER WIRING— PORTABLE EQUIPMENT. 
Switch on standard must be so constructed that accidental contact with 
any live portion of same will be impossible. 
371 ' 
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Switches on portable arc-lamp stands should, as su^ested 
in Fig. 366, be entirely enclosed to prevent any possibihty of 
accidental contact with the switch blades. 

38t. 6. V- THEATER WIRING— PORTABLE EQUIPMENT. 
All stranded connections in lamp and at switch and rheostat must be 
provided with approved hxga. 




Fio. 367.— Maedft Olivett* lamp. Fio. 368.— Square 

head, twelve-lamp, 
bunch light. (Kliegl 
Bros.) 

38fc. 7. 17. THEATER WIRING— PORTABLE EQUIPMENT. 

Rheostats must be plainly marked with their rated capacity in volts and 

amperes, and, if mounted on standard, must be raised to a height of at 

least three inches above floor. Resistance must be enclosed in a aub- 
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stantial and properly ventilated metal case which affords a clearance 
of at least one inch between case and resistance element. 

38fc. S. IJ. THEATER WIRING— PORTABLE 'EQUIPMENT. 
A competent operator must be in charge of each arc lamp, except that 
one operator may have chai^ of two 
lamps when they are not more than 
ten feet apart, and are so located that 
he can properly watch and care for 
both lamps. 



38i. V. THEATER WIRING- 
BUNCHES. Must be substantiaUy 
constructed of metal and must not 
contain any exposed wiring. 

A bunch light, Fig. 368, is an 
arrangement comprising a group 
of from 6 to possibly 20 tungsten 
incandescent lamps arranged in 
a suitable reflector and mounted 
on an iron stand. These lights 
may be used where corners or 
recesses in scene settings must 
be illuminated in order to elimi- 
nate shadows. 



I-Settionol View - Oi-P<rip«t;ive View 



38i. VI- THEATER WIRING- 
BUNCHES. The cable feeding same 
must be tubed in an approved manner 
where passing through the metal, and 
must be properly secured to prevent 
any mechanical strain from coming 
on the connection. Co.) 






38m. V- THEATER WIRING— STRIPS. Must be constructed of 
steel of a thickness not less than No. 20 U. S. Sheet Metal gage, treated 
to prevent oxidation, and suitably stayed and supported and so deseed 
that flanges will protect lamps. 

Strips or strip %hts (Fig. 369) have, in general, about the 
same application as have bunch lights, that is, they are fre- 
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quently used for illuminating detached or small spaces. 
However, the strip lights are arranged bo that they may be 
hung on wings or scenery, or that they may be laid on the floor 
or supported back of a low setting to eliminate shadows. 
Their construction is, as outlined in the illustration, similar to 
that used for footlights and borders. 

38m. III. THEATER WIBI NO— STRIPS. Cable must be tubed 
in a suitable manner where passing through the metal, and must be prop- 
erly secured to prevent serious mechanical strain from coming oa the 
connections. 




Fio. 370.— Hand-feed theatrical 



Where cable passes through a strip-light casing, it is 
particularly liable to injury due to its being bent back and 
forth. It should, therefore, be protected at that point, A, 
Fig. 369, by a bushing — preferably of heavy porcelain — aa 



38m. VII- THEATER WIRING— STRIPS. Must be wired in 
approved conduit or armored cable, each lamp receptacle being enclosed 
within an approved outlet box, or the lamp receptacles may be mounted 
In an iron or steel box, metal to be of a thickncsB not leas than No. 20 
U. S. Sheet Metal gage, treated to prevent oxidation, ao conBtructed as 
to enclose all wires. Wires to be soldered to lugs of receptacles. 
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38n, IJ. THEATER WIRING— PORTABLE PLUGGING BOXES. 
Must be conBtructed bo that no current carrying part will be CKposed, 
and each receptacle must be protected by approved fuaea mounted on 
Blat« or marble bases and encloaed in a fireproof cabinet equipped with 
aelf-cloaing doora. Each receptacle must be constructed to carry thirty 
amperes without undue heating, and the buabars must have a carrying 
capacity equivalent to the current required for the total number of 
receptacles, and approited lugs must be provided for the connection of the 
master cable. 

Portable plugging boxes (Fig. 371) are really movable dis- 
tribution cabinets at which branch circuits to various portable 
Btage-lighting apparatus may be connected through fuses to the 



Fig. 371. — A six-receptacle portable plugging box. 

source of supply. In other words, one of these pluming boxes 
is a sort of portable stage pocket. They are sometimes called 
"spider boxes." Link fuses ai'e used in them because of the 
compact construction thereby afforded. Link fuses are per- 
missible in this case inasmuch as they are entirely enclosed 
and the enclosing cabinet meets the provisions of Rule 67, 
e to j. Plugging boxes are made to accommodate from 2 to 
12 branch-circuit plugs. They can be arranged for three-con- 
ductor master cables, for service from a three-wire system. 
They are much used by "road" companies. The master 
cable (which may have a capacity of 30 or more amp, for each 
plug branch circuit) is frequently connected to terminals 
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provided therefor on the stage switchboard or to a fused 
switch located at some convenient point on the stage walls. 

0. PIN PLUG CONNECTORS 

38o. f /. THEATER WIRING— PIN PLUG CONNECTORS. Must 
be ot an a-pproved type, bo installed that the "female" pact of plug will 
be on live end ot cable, and must be BO constructed that tension on the 
cable will not cause serious mechanical strain on the connections. 

Pin-plug connectors Fig. 372, provide a means of connect- 
ing portable stage apparatus to the cable serving them and 
are in effect a sort of a receptacle-and-attachment-plug com- 
bination. Some device should always be provided on these 
connectors to grip the insulation of the cable, thereby prevent- 
ing a stress being imposed on the binding post if the cable is 
strained. 



wf.liATlft.l/SMll 

Fig. 372. — Typical stage connectors. 



■p. PORTABLE CONDDCTORS 




38p. V- THEATER WIRING— PORTABLE CONDUCTORS. 
Flexible conductors used from receptacles to arc lamps, bunches and other 
portable equipmenla must be approved stage cable except that for the 
purpose of feeding a stand lamp under conditions where couductore are 
not liable to severe mechanical injury, an approved reinforced cord may 
be used, provided cut-out designed to protect same is not fused over ten 
amperes capacity. 

Stage cable is made as specified in Ruh 51, TabU T, and d, 
g and k. This specially constructed cable should always be 
used for portable stage apparatus except where a connection 
is to be made to a table lamp on the stage. In this case, the 
large stage cable would be unsightly; hence reinforced lamp 
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cord (Bvle 51/ and T<Ale) may be uaed, provided fuses of not 
over 10-amp. capacity protect the cord. 



3Sq. V. THEATER WIRING— LIGHTS ON SCENERY. Where 
bracketa are used they must be wired entirely on the inside, fixture stem 
must come through to the back of the scenery and end of stem be properly 
bushed and fixtures to be securely fastened in position. 

Bracket lights on scenery can be arranged substantially as 
shown in Fig. 373. These brackets must always be so con- 
structed that they can be readily placed on and removed from 



Fio. 373, — Arrangement of bracket light for use on scenery. 

the scenery because It is necessary to take them down each 
time a scene is disassembled. The scenery always lies flat 
when stored, hence objects projecting permanently from its 
surface for any considerable distance are out of the question. 
A batten hook (A , Fig, 373) hangs in a sheet-metal batten strap 
(///) which is screwed to the scene batten. The pipe bushing 
carrying the conductors extends to the back of the batten 
through a slit cut in the canvas. The bracket is connected 
to the source of supply with a connector plug. 

T. STRING OB FESTOONED LIGHTS 

38r. 17, THEATER WIRING— STRING OR FESTOONED 
LIGHTS. Wiring of same must be of approved type, joints to be 
properly made, soldered and taped, and staggered where practicable. 

38r. VI- THEATER WIRING— STRING OR FESTOONED 
LIGHTS. Where lamps are used in lanterns or similar devices, approved 
guards must be employed. 
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38a. V. THEATER WIRING— SPECIAL ELECTRICAL EF- 
FECTS. Where devices are used for producing epiecial effects such aa 
lightning, waterfalls, etc., the apparatus must be so constructed and 
located that flames, sparks, etc., resulting from the operation cannot 
come in contact with comhustible material. 

The arrangement of devices for the production of electrical 
effects should always be such that a conflagration cannot origi- 
nate from the operation thereof. For example, the automatic 
lightning striker shown in Fig. 374 is enclosed in a case composed 
of sheet metal and wire netting, so that contact with the cur- 
rent-carrying parts is impossi- 
ble and so that the hot par- 
ticles of carbon cannot fall from 
the case. One or a number of 
these strikers, each in series 
with a resistance across the 
source of e,m.f., may be con- 
nected at various points over- 
head about the stage. The 
solenoid and the arcing con- 
tacts are in series so that when 

^"V ,?";^'^'"*"^,*'o« ^^*^ theoperatorconnectsthedevice 
striker (20 amp., 126 volta). . , . . , , , 

in the circuit, by cloamg the 
switch, the carbon continues to rise and fall, due to the 
electric — vibrating— bell action of the device, so long as it is 
connected to the circuit. A series of flashes of hght similar 
to that produced by lightning is the result. 

t. AUDITORIUU 

381. V- THEATER WIRING— AUDITORIUM. All wiring must 
be installed in approved conduit, metal moulding or armored cable. 
Where receptacles are used they must be enclosed in approved boxes. 

384. VI- THEATER WIRING— AUDITORIUM. Exit lights mual 
not have more than one set of fuses between same and service fuses. 

Exit lights are considered (Ride 38a, If/) as emergency lights 
hence must be fed from a separate service with the other 
emergency lights as hereinbefore described. Furthermore, 
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only one set of fuses, as diagrammed in Figs. 344 and 345, is 
permitted between the exit lights and the entrance switch and 
cut-out. Exit lights are frequently enclosed in a metallic 
case constructed as detailed in Fig. 375. The lamp is wholly 
enclosed in the cast-iron box which may be either held to the 
surface of the wall as shown or set with its outer face flush. 
The wiring is in conduit, as all of the emergency-Ught wiring 
must be. 



■i Conduit .'Letferj Cast f'n Box 




Incandescenl 
RedGtasj.^ Lamp] 



Clear Glass— 

I -Perspective H" Section 

Fig. 375. — ^Exit light on an approved type. 




38«. \UI, THEATER WIRING— AUDITORIUM. Exit Hghts and 
all lights in halls, corridors or any other part of the building used by 
audience, except the general auditorium lighting, must be fed independ- 
ently of the stage lighting, and must be controlled only from the lobby 
or other convenient place in front of the house. 

The exit-light circuits must be controlled from the front of 

the house as shown in Figs. 344 and 345. Usually the switch 

for their control is located in the emergency-Ught distributing 

cabinet in the box-office. It is undesirable to have these 

lights controlled from the stage switchboard because when a 

fire occurs in a theater it frequently originates on the stage. 
3«. If/7. THEATER WIRING— AUDITORIUM. All fuses must 
be enclosed in approved cabinets. 



U. MOVING PICTURE EQITIPMENTS OTHER THAN THOSE OP APPROVED 

MINATITRB TYPE 

38w. 1, 1[/. THEATER WIRING— MOVING PICTURE EQUIP- 
MENTS. Arc Lamps, — Arc lamps must be constructed so far as 
practicable in accordance with the requirements of No. 38 fc, 1, 2, 3, 4 
and 6, and incandescent lamps must be suitably enclosed. 
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38ti. 2. If/. THEATER WIRING— MOVING PICTURE EQUIP- 
MENTS. Rheostats. — Rheostats, transforming devices or any substi- 
tute therefore must be of types expressly designed and approved for the 
purpose. Their installation and location must be subject to approval as 
parts of the moving picture machine. 

38w. 3. K/. THEATER WIRING— MOVING PICTURE EQUIP- 
MENTS. Top and Bottom Reds. — Must be enclosed in steel boxes 
or magazines, each with an opening of approved construction at bottom 
or top, so arranged as not to permit entrance of flame to magazine. No 
solder is to be used in the construction of these magazines. The front 
side of each magazine must consist of a door swinging horizontally, and be 
provided with a substantial latch. 

38w. 4. K/. THEATER WIRING— MOVING PICTURE EQUIP- 
MENTS. AtUomalic ShuUer. — Must be provided and must be so con- 
structed as to shield the film from the beam of light whenever the film is 
not running at operating speed. Shutter must be permanently attached 
to the gate frame. 

38ti. 5. K/. THEATER WIRING— MOVING PICTURE EQUIP- 
MENTS. Extra Films. — Must be kept in individual metal boxes 
equipped with tight-fitting covers. 

38w. 6. If/. THEATER WIRING— MOVING PICTURE EQUIP- 
MENTS. Machine Operation. — Must be of an approved type. If 
driven by a motor, must be of a type expressly designed and ap- 
proved for such operation, and when so approved, motor driven ma- 
chines, when in charge of a skilled operator, may be authorized imder 
special permission in writing given in advance. 

38w. 7. If/. THEATER WIRING— MOVING PICTURE EQUIP- 
MENTS. Machine Enclosure. — Machine must be placed in an en- 
closure or house made of suitable fireproof material; must be properly 
lighted and large enough for operator to walk freely on either side of or 
back of machine. 

38w. 7. If//. THEATER WIRING— MOVING PICTURE EQUIP- 
MENTS. Machine Enclosure. — Ventilation for permanent booths must 
be provided by means of a vent pipe having a cross section of not less than 
78 square inches; said pipe leading to the outside of the building or to a 
special non-combustible vent flue. All parts of vent pipe to be at least 
one inch from any combustible material or separated therefrom by means 
of approved non-combustible heat insulating material not less than one- 
half inch in thickness. A fan capable of exhausting fifty cubic feet of air 
per minute shall be installed and arranged in such a way that gas and 
smoke passing through the vent flue shall not come in contact with the 
motor. The motor must be connected to the emergency service and must 
not be controlled from the booth. 

38w. 7. If///. THEATER WIRING— MOVING PICTURE EQUIP- 
MENTS. Machine Enclosure. — ^All openings into this booth must be 
arranged so as to be entirely closed by doors or shutters constructed of 
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the same or equally good fire-resisting material as the booth itself. Doors 
or covers must be arranged so as to be held normally closed by spring 
hinges or equivalent devices. 

38w. 8. KJ. THEATER WIRING— MOVING PICTURE EQUIP- 
MENTS. Reds Containing Films Under Examination or in Process of 
Rewinding, — Must be enclosed in magazines or approved metal boxes 
similar to those required for films in operation, and not more than two 
feet of film shall be exposed in booth. 

V, MOVINQ PICTURE EQXnPMENTS OF APPROVED MINIATURE TYPE FOR HOME, 

LECTURE AND SIMILAR PURPOSES 

38v. 1. V' THEATER WIRING— MINIATURE MOVING PIC- 
TURE EQUIPMENTS. All equipments must be expressly ap- 
proved, and such approval must cover the entire machine including all 
attachments, current-controlling devices and other parts employed, in- 
cluding also the film. 

38t;. 2. If/. THEATER WIRING— MINIATURE MOVING PIC- 
TURE EQUIPMENTS. The entire equipment must consume not more 
than 660 watts. 

38t;. 3. V- THEATER WIRING— MINIATURE MOVING PIC- 
TURE EQUIPMENTS. Arc lamps must be constructed so far as 
practicable in accordance with the requirements of No. 38, A;, 1, 2, 3, 4 
and 6, and incandescent lamps must be suitably enclosed. 

38t;. 4. HI. THEATER WIRING— MINIATURE MOVING PIC- 
TURE EQUIPMENTS. Rheostats, transformers, switches and other 
similar current-controlling devices must be attached to and form a part 
of the machine, must have no hve parts exposed, and must comply with 
the requirements of No. 65 and No. 78 or No. 81 a, 6, c. 

38». 5. HI. THEATER WIRING— MINIATURE MOVING PIC- 
TURE EQUIPMENTS. Films must be of an approved slow-burning 
type having a permanent distinctive marker. 

38v. 6. If/. THEATER WIRING— MINIATURE MOVING PIC- 
TURE EQUIPMENTS. Machines must be so constructed that they 
cannot be used with films employed on the full-sized commercial moving 
picture machine. This may be accomplished by using a film of special 
width or with special perforations or by any other approved means. 

38». 6. tJ. Note. THEATER WIRING— MINIATURE MOVING PICTURE 
EQUIPMENTS. The regular film which is not allowed on miniature machines is IH 
inches wide and has on each edge 5.4 perforations per inch. 

38v. 7. 1[/. THEATER WIRING— MINIATURE MOVING PIC- 
TURE EQUIPMENTS. Machmes must be marked with the name or 
trade-mark of the maker, and with the voltage and current rating for 
which they are designed, and be plainly marked, "For use with slow- 
burning films only/' 
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S9. OUTLINE LIGHTmG. 

{Other than Sign« on Exterior of Buildings) 

' 89a. V- OUTLINE LIGHTING. Must be connected only to low- 
potential Bystems. 

39b. 1/. OUTLINE LIGHTING. Open or conduit work or metal 
trough construction may be used but moulding will not be permitted. 

Outline -lighting wiring may be either open, in conduit or 
of metal-trough construction similar to that used for theater 
footlight, border-light and side-light wiring. Fig. 376 shows 
a typical outline-lighting conduit installation. The construc- 



Fio. 376. — Example of outline wiring in conduit. 

tion of metal wiring troughs is delineated in Figs. 353 to 355. 
Molding wiring should not be used for this service because it 
is not water-tight and hence, due to the exposed position of 
the outline-lighting circuits on buildings, excessive moisture 
would enter molding, if it were used, and make trouble. 
Where conduit is apphed, all of the fittings, as indicated in 
Fig. 376 should be of the screw-thread type. Pressed-ateel 
outlet boxes in which the conduit is held by locknuts should 
not be installed because they are not water-tight. 

39c. H/. OUTLINE LIGHTING, Where flexible tubing is required, 
the ends must be sealed and painted with moisture repellant and kept at 
least one-half inch from surface wired over. 
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S9d. V' OUTLINE LIGHTING. Wires for use in rigid or flexible 
steel conduit must comply with requirements for conduit work. Where 
armored cable is used, the conductors must be protected from moisture 
by lead sheath between armor and insulation. 

39c. 11/. OUTLINE LIGHTING. Must be protected by its own cut- 
out, and controlled by its own switch; singly pole switches must not be 
used. Cut-outs, switches, flashers and similar appliances must be of ap- 
proved types and be installed as required by the Code for such appliances, 
and, if outside the building, must, with the exception of transformer of 
weatherproof type, be installed in approved weatherproof cabinets. 

39/. V' OUTLINE LIGHTING. Circuits must be so arranged that 
not more than 1,320 watts will be dependent upon one cut-out. 

39flr. HI. OUTLINE LIGHTING. Sockets and receptacles must be 
of the keyless porcelain type and wires must be soldered to lugs on same. 
Miniature receptacles will not be approved for outdoor work. 

Sockets or receptacles for dmcHnf Posh 
open-work outline -lighting 
wiring should be of the keyless 
type because key sockets will 
ultimately give trouble if ex- 
posed to moisture. Fig. 377 

indicates the type of receptacle "***^*^^-^^ ^^'^"^Ho/e^ 

that should be appUed. Note Yiq, 377.— Porcelain receptacle 
that it provides a 1-in. separa- ^ed for outline open-work wiring. 
,. , . ., J X (It separates] the conductors 1 in. 

tion between the conductors i^^^ the surface wired over.) 

and the surface wired over, as 
is specified in Rule 39A, ^/. 




39A. V' OUTLINE LIGHTI;NG. For open work, wires must be 
approved rubber covered, not less than No. 14 B. & S. gage and must be 
rigidly supported on non-combustible, non-absorptive insulators, which 
separate the wires at least one inch from the surface wired over. Rigid 
supporting requires, \mder ordinary conditions where wiring over flat 
surfaces, supports at least every four and one-half feet. If the wires are 
liable to be disturbed, the distance between supports should be shortened. 
In those parts of circuits where wires are connected to approved recep- 
tacles which hold them at least one inch from surface wired over, and which 
are placed not over one foot apart, such receptacles will be considered to 
afford the necessary support and spacing of the wires. Between recep- 
tacles more than one foot, but not less than two feet apart, an additional 
non-combustible, non^bsorptive insulator maintaining a separation and 
spacing equivalent to the receptacles must be used. Except as above 
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specified, wires must be kept apart at least two and one-half inches for 
voltages up to 300, and four inches for higher voltages. 

39t. 11/. OUTLINE LIGHTING. For metal trough construction, 
the troughs and other details must comply with the requirements of No. 
83 o to /, inclusive. 

40. CAR WIRING AND EQUIPMENT OF CARS. 

These ndeSy a to k incliLsive, apply to aU cars or locomotives iised for 
electric railway service^ and cars or locomotives for other railway service^ 
which are equipped with electric circuits, and operating on either low or high 
potential systems. 

The rules relating to car wiring and carhouses are, because 
of their special application, omitted from this book. They 
will be found in full in the National Electrical Code. 

41. CARHOUSES. 

Note. See National Electrical Code for the text of this rule 
in full. 

41 A. LIGHTING AND POWER FBOM RAILWAY WIRES 

41il. V' CAR HOUSES— LIGHTING AND POWER FROM 
RAILWAY WIRES. Must not be permitted, under any pretence, in 
the same circuit with trolley wires with a ground return, except in elec- 
tric railway cars, electric car houses, power houses, passenger and freight 
stations connected with the operation of electric railways. 

42. GARAGES. 

For the purposes of this rule a garage is considered as that huUding or 
portion of a building in which one or more self-propelled vehicles carrying 
volatile inflammable liquid for fuel or power are kept for use, sale, storage, 
rentalj repair, exhibition or demonstration purposes; and all thai portion 
of a building thai is on or below the floor or floors on which such vehicles 
are kept which is not separated therefrom by tight unpierced fire walls and 
fire-resisting floors. 

Garages may frequently be classed as damp places and are 
always more or less hazardous because of the presence of oil 
and gasoline. It is, therefore, obvious that stringent wiring 
requirements are imperative. 

In addition to the general requirements of the Code the following rules 
shall apply: — 

42a. If/. GARAGES. In garages used for more than two vehicles, as 
above, all conductors except those required for pendant lamps or portable 
connections must be installed in approved metal conduit or approved 
armored cable, except that approved metal moulding may be used only in 
offices and showrooms. Metal conduit, armored cable or metal moulding 
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must be so installed that all outlet and junction boxes shall be located at 
least four feet above the floor. In garages used for one or two vehicles, as 
above, conduit or armored cable construction is not required. 

426. %I. GARAGES. Flexible cord for pendant lights must be 
approved reinforced cord. 

42c. If/. GARAGES. Flexible cords for portable lamps, motors or 
other apparatus must be approved cord designed for rough usage. The 
portable cord must carry the male end of an approved pin plug connector 
or equivalent, the female end being of such design or so hung that the 
connector will break apart readily at any position of the cable. The 
connector must be kept at least four feet above the floor. 

Pin-plug connectors for garages may be^ similar to those 
required for portable theater-stage appliances, as illustrated 
in Fig. 372. The male end of a pin-plug connector is the part 
from which the pins extend. The female part is the receptacle 
portion. The cord to which the female portion of the pin- 
plug connector is attached and through which the energy is 
derived should always be of such a length that its lower end 
will always be at least 4 ft. from the floor, to prevent any 
possibiUty of the connector receptacle contacting with things 
on the floor or dragging on it. 

42d. If/. GARAGES. Flexible cable for charging must be of ap- 
proved theatre stage type, this cable carrying parts of approved connectors 
of at least fifty amperes capacity. The connectors must be of such design 
or so hung that at least one will break apart readily at any position of the 
cable. Current-carrying parts of connectors must be shielded to prevent 
accidental contact. The fixed, or wall connector, must be kept at least 
four feet above the floor, and if not located on switchboard or charging 
panel, must be protected against accidental contact. 

Charging plugs and receptacles for garages may be of the 
same general design as those shown for theater-stage-wiring 
service in Figs. 360 to 363. 

42e. %I. GARAGES. Cut-outs, switches and receptacles must be 
placed at least four feet above the door, except as provided in Section g 
below. 

42/. If/. GARAGES. All portable lights must be equipped with ap- 
proved keyless sockets of moulded composition for metalnsheathed porce- 
lain type. These sockets must be equipped with handle, hook and sub- 
stantial guard. 

42g, 1[/. GARAGES. Switchboards and charging panels, at or upon 
which are mounted devices which in operation may produce a spark, 
25 a85 
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must be located in a room or enclosure provided for the purpose unless 
all such spark producing devices are at least four feet above the floor or 
surrounded by vapor proof enclosures. 

42/i. If/. GARAGES. Motors or dynamos, not actually a part of a 
vehicle, if not located at least four feet above the floor must be of the fully 
enclosed type. Motors located four feet or more above the floor, if not 
of the fully enclosed type, must be provided with wire screen of not less 
than No. 14 mesh over openings at commutator end. 

43. ELECTRIC CRANES. 

All wiring, apparatusy etc., not specifically covered by special rules herein 
given, must conform to the General Requirements of this Code, except that 
the switch required by No, 8 c for each motor m^y be omitted. 

a. WIRING 

43a. 1. If/. ELECTRIC CRANES— WIRING. All wires except bare 
collector wires, those between resistances and contact plates of rheostats 
and those subjected to severe external heat, must be approved rubber- 
covered and not smaller in size than No. 12 B. & S. Insulation on wires 
between resistances and contact plates of rheostats must conform to Sec- 
tion d, while wires subjected to severe external heat must have approved 
slow-burning insulation. 

43a. 2. If/. ELECTRIC .CRANES— WIRING. All wires excepting 
collector wires and those run in metal conduit or approved flexible cable 
must be supported by knobs or cleats which separate them at least one 
inch from the surface wired over, but in dry places where space is limited 
and the distance between wires as required by No. 26 h cannot be ob- 
tained, each wire must be separately encased in approved flexible tubing 
securely fastened in place. 

43a. 2. If//. ELECTRIC CRANES— WIRING. CoUector wires 
must be supported by approved insulators so mounted that even with the 
extreme movements permitted the wires will be separated at all times at 
least IJ^ inches from the surface wired over. Collector wires must 
be held at the ends by approved strain insulators. 

Collector or contact wires for traveling cranes may be ar- 
ranged as shown in Figs. 378 and 379. The difference in these 
installations is that that of Fig. 378 shows a wooden crane 
runway and eye-bolts are used for tightening the contact 
wires. In Fig. 379, a steel runway is shown and the contact 
wires are tightened with turn-buckles. Strain insulators 
should always, as shown, be interposed between the ends of the 
contact wires and the terminal supports. Strap iron bars and 
structural-steel sections, such as small angles and tees are 
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frequently used for contact bars on crane runways instead of 
the usual hard-drawn copper contact wires. See the author'a 



Fia. 378. — Crane contact \ 



Fig, 379. — Termination for crane contact wires on a eteel girder. 

AuERiCAN Electricians' Handbook for further and detailed 
information relating to crane wiring. 
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43a. 3. \I. ELECTRIC CRANES— WIRING. Main collector wires 
carried along the runways must be rigidly and securely attached to their 
insulating supports at least every 20 feet, and separated at least 6 inches 
when run in a horizontal plane; if not run in a horizontal plane, they must 
be separated at least 8 inches. If spans longer than 20 feet are necessary 
the distance between wires must be increased proportionately but in no 
case shall the span exceed 40 feet. 

Intennediate supports along crone runways are usually, 
where the contacting member ia a copper wire, erected sub- 
stautially as shown in Fig. 380, which illustrates the arrai^e- 
ment of an intermediate support for the contact wires for a 
three-phase crane. It is ordi- 
narily inadvisable to install out 
of doors a contact-wire support 
which is dependent on a wood 
block, as is that of Fig. 380. 
Where the crane runway is out- 
side and exposed to the weather 
the best construction involves 
the use of figure-8 copper trolley 
wire supported on insulating 
bangers such as are used in 
street-railway overhead con- 

, , struction; see American Elec- 

(TrflHsverse Section) ,„ ■■ i . -i 

T- ^ Qon T . ™ J' / - TBiciANB Handbook for details. 

1 iG. 380. — Intermediate sup 
porta for contact wires for a three" Where the figure-8 contact Wire 

S'SnT^uKEm.""'" " ">"» supported, a collecting 
shoe shdea along with the crane 
and bears against the contact wire, 

43a. 4. V- ELECTRIC CRANES— WIRING. Where bridge col- 
lector wires are over 80 feet long, insulating supports on which the wires 
may loosely lie must be provided at least every 50 feet. 

43o. 4. H//. ELECTRIC CRANES— WIRING. Bridge coUector 
wires must be kept at least 2H inches apart, but a greater spacing should 
be used whenever it may be obtained. 

43a, 5. U/. ELECTRIC CRANES- WIRING. CoUector wires must 
not be smaller in size than specified in the following table tor the vuious 
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Distance between rigid supports. 
Feet 


Sise wire required. B. & S. 


0to30 
31 to 60 
Over 60 


6 
4 
2 



b. COLLECTORS 

436. V- ELECTRIC CRANES— COLLECTORS. Must be so de- 
signed that sparking between them and collector wires will be reduced to 
a minimum. 

C. SWITCHES AND CUT-OUTS 

43c. 1. 11/. ELECTRIC CRANES— SWITCHES AND CUT-OUTS. 
The main collector wires must be protected by a cut-out and the circuit 
controlled by a switch. Cut-out and switch to be so located as to be 
easy of access from the floor. 

43c. 2. H/. ELECTRIC CRANES— SWITCHES AND CUT-OUTS. 
Cranes operated from cabs must have a cut-out and switch connected 
into the leads from the main collector wires and so located in the cab 
as to be readily accessible to the operator. 

43c. 3. 1[/. ELECTRIC CRANES— SWITCHES AND CUT-OUTS. 
Where there is more than one motor on a single crane, each motor lead 
must be protected by a cut-out located in the cab if there is one. 

d. CONTROLLERS 

43d 1[/. ELECTRIC CRANES— CONTROLLERS. Must be in- 
stalled according to No. 4, except that if the crane is located out doors the 
insulation on wires between resistances and contact plates of rheostats 
must be rubber where the wires are exposed to moisture and insulation 
is necessary and also where they are grouped. K the crane operates over 
readily combustible material, the resistances must be placed in an enclo- 
sure made of non-combustible material, thoroughly ventilated and so con- 
structed that it will not permit any flame or molten metal to escape in 
the event of burning out the resistances. If the resistances are located 
in the cab, this result may be obtained by constructing the cab of non- 
combustible material and providing sides which enclose the cab from its 
floor to a height at least 6 inches above the top of the resistances. 

e. GROUNDING OF IRON WORK 

43c. V' ELECTRIC CRANES— GROUNDING OF IRON WORK. 
The motor frames, the entire frame of the crane and the tracks must 
be permanently and effectually groimded. 

389 



Rule 43e LOW-POTENTIAL Class c 

Questions. Class C. (Constant Low-potsntial Stbtbms. 550 Volts ob 

Lkss) 

138. What type of insulation is approved for wires used in concealed knob-and-tube 
work? Why? 

139. State the cases when fixture canopies must be insulated from the surfaces on 
which fixtures are supported? 

140. How may wires be suitably protected when exposed to injury or interference 
where crossing timbers? 

141. Why should both wires of a circuit be run in metal molding for alternating-cur- 
rent ssrstems and, preferably, also for direct-current systems? 

142. State the regulations governing bends made in armored-cable runs. 

143. How may the number of different wires that may be installed in a given sise 
conduit be ascertained? 

144. How should chain fixtures be wired? 

145. How should portable lamps be protected against contact with inflammable 
materials? 

146. What are the regulations affecting cut-outs for groups of mercury vapor lamps 
mounted in frames? 

147. State briefly how armored cable should be groimded. What size of ground wire 
may be used? 

148. What is the greatest difference of potential allowable between wires carried in 
wood or metal molding? 

149. How must wires be bushed when entering cabinets, cut-out boxes or junction 
boxes? 

150. Under what conditions may twin wires be used? 

151. How should concealed knob-and-tube wires be run if it is impracticable to sup- 
port them on non-combustible glass or porcelain supports? 

152. What are the special requirements that apply to armored cable when installed 
in places subject to moisture? 

153. Wliat insulation is approved for wires run in conduit? 

154. State the conditions under which "flat" canopies may be installed in fixture 
work? 

155. What protection must be provided for an incandescent lamp and socket when 
installed in a room where inflammable gases may exist? 

156. What excess current-carrjdng capacity should branch conductors serving an arc 
lamp have over that of the lamp? 

157. What general requirements affect the installation of high potential, vacuum-tube 
systems? 

158. Name and describe one approved method of supporting conductors in a vertical 
conduit run? 

159. How are armored cables terminated when entering terminal or junction boxes? 

160. What special protection must be provided where metal molding passes through 
floors? 

161. Of what special construction must fixtures be if installed out of doors? 

162. What is the smallest permissible diameter of the inlet of a socket when not 
attached to a fixture? 

163. For what purposes may flexible cord be used? 

164. How should economy and comjjensator coils for arc lamps be mounted? 

165. How should flexible cord be connected to fittings? Describe. 

166. How should the wires supporting a weatherproof socket be connected to the 
branch-circuit conductors? 

167. What is the smallest size wire permissible in fixture work? 

168. When should fixtures be tested for short circuits? 

169. How should fixtures be supported when they cannot be attached to gas pipesor 
conduit? 

170. How must outlet boxes in conduit runs be installed with respect to the surface of 
the wall or ceiling in which they appear? 
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171. Should conductors in vertical conduits be supported and at what intervals? 
Why? 

172. How should wires for knob-and-tube work be supported and spaced? 

173. Why must conduit systems be "continuous from outlet to outlet?" 

174. What requirements are in effect regarding making bends in conduit runs? 

175. Under what conditions must fixtures be insulated from their supports? 

176. What is the maximum permissible difference of potential between wires con- 
tained in or attached to the same fixture? 

177. What tyi)e of socket must be used for installations in wet or damp places or in 
places where corrosive vapors exist? 

178. When fixtures are wired on the outside, what special precautions are necessary 
to protect the conductors? 

179. How is the backing of metal molding secured in position on the supporting sur- 
face? 

180. What is the greatest allowable difference of potential between the conductors 
of flexible cord? 

181. What is the minimum permissible distance at which outside arc lamps may be 
installed above the sidewalk? 

182. What kind of protection must be provided for wires carried on side walls? 
Describe in detail. 

183. May each wire in a system be run in a separate conduit (a) for alternating-current 
systems, and (6) for direct-current sjrstems? If not, why not? Explain in each case. 

184. Under what conditions may armored cables be installed without the use of 
outlet boxes or outlet plates at termination or junction boxes? 

185. Why should the protective non-conducting coating on conduits be scraped off 
before making ground connections thereto? 

186. Of what size must the wire be for grounding metal molding systems? 

187. When must approved slow-burning, fixture wire be used in show-case wiring? 

188. Under what conditions is it mandatory to install keyless type sockets? 

189. How should cut-outs be arranged for arc lamps on constant potential circuits? 

190. State the smallest size and the type of wire permitted, and how it must be 
installed, when a weatherproof socket is supported independent of a fixture? 

191. What kind of cord must be used in show-window wiring? 

192. Is there any particular reason why metal molding should be continuous from 
outlet to outlet, and if so, what is it? 

193. How should wires be run in unfinished attics? 

194. When run in damp places, how must wires be supported? 

195. How many wires may be carried in a single length of metal molding? 

196. When should wires be drawn into a conduit system? 

197. What are the requirements respecting the continuity of armored cable runs? 

198. What type of insulation may wires have for use in open work in dry places? 

199. How must such wires be supported? 

200. How must the wires in a concealed knob-and-tube installation be terminated at 
outlets? 

201. What is the most important thing to remember in regard to their location when 
installing junction boxes? 

202. Under what conditions may metal molding runs pass through partitions without 
the provision of additional protection? 

203. What insulation is required for wires exposed to dampness, vapor, or acid fumes? 

204. What protection must be provided for flexible cord where it enters a socket? 

205. State the type of insulation required for wires run in molding, either wood or 
metal. 

206. What provision should be made for the protection of wires where the conduit 
system enters a junction box? 

207. What size wire may be used for wiring gallery and stage pockets? 
iK)8. How should wires be attached to stage footlight receptacles? 

209. At what distance from inflammable material should transformers be installed? 
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Rule 43e LOW-POTENTIAL Class c 

210. How should the main ooUector wires along a crane runway be supported? 

211. What are the requirements as to grounding of crane motor installations? 

212. What type of condutors may be used with portable stage equipment? 

213. What is the requirement regarding the feeding of exit light circuits? 

214. How should border and proscenium sidelights be prevented from contacting 
with scenery or other combustible materials? 

215. Under what conditions, in gas-filled incandescent lamp circuits, may more than 
660 watts be dependent on one cut-out? 

216. How should dimmers in theater wiring be wired with respect to the balance of the 
circuit of which they form a part. 

217. What tsrpe of insulation must wires have if used for wiring of stage borders? 

218. In outline lighting wiring, what are the requirements when flexible tubing is 
used? 

219. With the exception of pendant lamps and portable connections, how must con- 
ductors in garage wiring be run? 

220. How are main crane-collector wires protected? 

221. What tsrpe of sockets are permissible in garage wiring? 

222. What are the requirements affecting the use of devices for creating special 
dectrical effects on stages? 

223. What type of sockets and receptacles are required for outline lighting wiring? 

224. How are crane collector wires supported? 

225. When may gas-filled incandescent lamps be used in show windows? 

226. With stage border and proscenium sidelights, what is the maximum permissible 
wattage allowed under the protection <^ one cut-out? 

227. What are some of the most important requirements regarding switchboards and 
charging panels installed in garages? 

228. Describe briefly the different kinds of services that must be installed for supply 
in a theater. Explain why. 

229. How should theater exit lights be fused? 

230. When, in crane wiring, proper spacing cannot be obtained between wires, how 
must these wires be installed? 

231. What are the requirements governing the installation of temporary decorative 
lighting systems? 

232. Where should the magnet controlling a stage flue damper be located? 

233. How should stage footlight receptacles be mounted? 

234. What data or markings are required on rheostats for portable. stage equipment? 

235. State the requirements with regard to control of stage flue dampers. 

236. What is the maximum permissible wattage which may be dependent upon one 
cut-out in outline lighting wiring? 

237. Why should guard rails be provided around theater switchboards? 

238. How must the wiring in theater dressing rooms be installed? 

239. How should ventilation be provided for moving picture machine booths? 

240. What kind of switches must not be used in outline lighting wiring circuits? 

241. How must moving picture machines be enclosed? 

242. What is the maximum permissible wattage consumption for miniature moving 
picture machines? 

243. How far apart and how far from the surface wired over must wires used in open- 
work wiring in low-potential systems be located? 

244. How should electric"«rane installations be grounded? 

245. What are the requirements governing the installation of motors in garages? 

246. Where should emergency switches in car house underground feed circuits be 
located? 

247. What requirements are in effect regarding the installation of temporary decora- 
tive lighting systems? 

248. Where must keyless sockets be installed? 

392 



HIGH-POTENTIAL SYSTEMS 

550 TO 3,500 Volts 

(Rules 44 to 46 inclusive) 

Any drcuU attached to any machine or combination of machines which 
develops a difference of potential between any two wires of over 550 voUs 
and less than 3,500 voUsy shaU be considered as a high-potential circuitf 
and as coming under this class, unless an approved transforming device is 
used, which cuts the difference of potential down to 550 voUs or less. For 
550 voU motor equipments a margin of ten per cent above the 550 volt limit 
wiU be allowed at the generator or transformer withoiU coming under high- 
potential systems. 

44. WIRES. 
(^ee also Nos, 16, 17, 18 and 20. For construction rules see Nos. 49 and 50) 

44a. 1[/. WIRES. Must have an approveei rubber-insulating covering. 

446. 1[7. WIRES. Must be always in plain sight, and never encased, 
except as provided for in No. 8 b, or where specially required. 

44c. If/. WIRES. Must (except as provided for in No. 8 6), be rigidly 
supported on glass or porcelain insulators, which raise the wire at least 
one inch from the surface wired over, and must be kept about eight inches 
apart. 

44c. 1[7/. WIRES. Rigid supporting requires imder ordinary con- 
ditions, where wiring along flat surfaces, supports at least about every 
four and one-half feet. If the wires are unusually liable to be disturbed 
the distance between supports must be shortened. 

44c. 1[///. WIRES. In buildings of mill construction, mains of not 
less than No. 8 B. & S. gage, where not liable to be disturbed, may be 
separated about ten inches and run from timber to timber, not breaking 
around, and may be supported at each timber only. 

44d. f/. WIRES. Must be protected on side walls from mechanical 
injury by a substantial boxing, retaining an air space of one inch around 
the conductors, closed at the top (the wires passing through bushed holes) 
and extending not less than seven feet from the floor. When crossing 
floor timbers, in cellars, or in rooms where they might be exposed to 
injury, wires must be attached by their insulating supports to the under 
side of a wooden strip not less than one-half an inch in thickness. 

46. TRANSFORMERS. 
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Ruu! 45 HIGH-POTENTIAL Class c 

(See also Noa. 11, 14, 15 and 36. For conalruclion of Transformers see 
No. 81) 

Tramformers must not be placed inside of buildings untkout special 
permitsum. 

Oil-insulated transformers should never be placed inside of 
a building without special permissioa from the Vnderwritera ' 
Inspection Bureau having jurisdiction. Tliis requirement is 
perfectly general (Rule 36a) regardless of the voltage of the 
transformer. Air-cooled 
transformers operating 
at voltages below 550 
may {Rule 366, H/) be 
placed indoors without 
special protection but if 
the pressure on their 
primary or secondary 
windings exceeds 650, 
then special permission 
should be obtained prior 
to placing the trans- 
former within a 
building. 

45a. \I. TRANS- 
FORMERS. Must be lo- 
cated aa aear as possible to 
the point at which the 
primary wires enter the 
building. 

456. V- TRANSFOR- 
FiQ. SSl.-Concrete vault tor housing oil- j^gj^ Must be placed in 
insulated and h,gh-tenmon transformer. ^^ ^„,i„,^,^ constructed of 
fire-resiating material; the enclosure to be used only for this purpose, 
and to be kept securely looked, and access to the same allowed only to 
responsible parties. 

A concrete transformer vault of the general type that is 
ordinarily required when transformers must be installed within 
a building is shown in Fig, 381, Note the high door sill. 
This is to prevent the oil from flowing out into the building in 
case one of the transformers "boils over" due to heavy over- 



Clabsc inside work Rulb 4fio 

load or short-circuit. The door ia of corrugated iron, rivetted 
on a steel frame. Although the door of the vault shown 
opens to the inside of the building it is better to have the door 
of a transformer vault open to the outside, bo that in case 
of a fire in the transformer vault, smoke and hot gases will 
flow to the outer air rather than to the interior of the structure. 
Fig. 107 illustrates a similar example. 



Fig. 382. — ¥iew ineide of a well-constructed aad arranged transformer 
vault. 

45c. HJ. TRANSFORMERS. The transformer case must be per- 
manently and effectually grounded, and the enclosure in which the trana- 
formers are placed must be practically air-tight, except that it must be 
thoroughly ventilated to the outdoor air, if possible through a chimney 
or flue. There should be at least six inches air space on all sides of the 
transformer. 



Rule 46 HIGH-POTENTIAL Class c 

Transformer vatilts shotild be ventilated to prevent the 
escape of smoke to within the building or the spread of a fire 
in case of the ignition of the transformer windings or the trans- 
former oil. The vault shown in Fig. 381 is ventilated by a 
window, not visible in the picture, which opens to the outside 
of the building. That of Fig. 382 is ventilated by a similar 
method. Note that in both of the installations ample clear- 
ance is provided between the transformers and adjacent 
surfaces. 

46. SERIES LAMPS. 

46a. ^I, SERIES LAMPS. No multiple series or series multiple 
system of lighting will be approved. 

466. %I. SERIES LAMPS. Must not, under any circumstances, be 
attached to gas fixtures. 

Questions. Class C. (Hiqh-potxntial Systems. 550 to 3,500 Volts) 

249. What special precautions must be taken regarding the enclosure of transformers 
on high-potential systems? 

250. In high-potential systems in mill buildings, what is the separation permissible 
between mains of not less than No. 8 B. & S. gage? 

251. How should transformers on high-potential sjrstems be located with reference to 
the location at which the primary wires enter the building? 

252. How are wires in high-potential ssrstems supported when <:rossing floor timbers 
or where they may be exposed to injury? 

253. How should high-potential wires be protected on side walls? 

254. What special requirements affect the installation of multiple-series or series- 
multiple lighting systems? 

255. Should high-potential wires ever be encased? 

256. How must high-potential transformer cases be grounded? 
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EXTRA-mOH-POTENTIAL SYSTEMS 

Over 3,500 Volts 

(Rules 47 and 48) 

Any circuit attached to any machine or combination of m>a^hines which 
develops a difference of potential^ between any two wires ^ of over 3,500 voUs, 
shaU he considered as an extra-high-potential circuit, and as coming under 
this ctasSy unless an approved transforming device is used, which cuts the 
difference of potential down to 3,500 voUs or less, 

47. PRIMARY WIRES. 

47. IT/. PRIMARY WIRES. Must not be brought into or over 
buildings, except power stations and sub-stations. 

48. SECONDARY WIRES. 

48. V' SECONDARY WIRES. Must be installed under rules for 
high-potential systems when their immediate primary wires carry a cur- 
rent at a potential of over 3,500 volts, unless the primary wires are in- 
stalled in accordance with the requirements as given in No. 13 or are 
entirely underground, within city, town and village limits. 
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CLASS D 

FITTINGS, MATERIALS AND DETAILS OF CONSTRUC- 
TION 

All Systems and Voltages 

(Rules 49 to 84 inclusive) 

These Class D rules are not reproduced herein because they 
comprise principally specifications for the constructional 
details of the electric suppUes, devices and equipment which 
are, usually, regularly made by manufacturers and suppUed 
to the user through jobbers and dealers. The Class D rules 
are given in full in the National Electrical Code, The pur- 
chaser can identify materials which satisfy the National Code 
(Class D) specifications and which have been approved, by the 
fact that such materials are designated N. E, C. S. {National 
Electrical Code Standard) or may bear the Underwriters' Label. 

The Underwriters' Laboratories, Chicago, pubUshes a 
"List of Electrical Fittings" which is revised semi-annually 
and which Usts the "approved'' electrical devices. The book- 
let is furnished free on application to the Laboratories or to any 
local Underwriters^ Inspection Bureau and should be in the 
hands of every electrical worker. 

The rules (in the Class D section) are hut a partial outline of requirements. 
Devices or materials which fulfill the conditions of these requirements and 
no more, will not necessarily he acceptahle. All fittings and maierials should 
he submitted for examination and test before heing introduced for use. 
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CLASS E 

MISCELLANEOUS 

(Rules 85 to 89 inclusive) 

86. SIGNALING SYSTEMS. 

Governing wiring far telephone, telegraph (except wireless telegraph 
apparatus), district messenger and call-bell circuits, fire and burglar 
alarms, and aU similar systems which are hazardous only because of their 
liability to become crossed with electric light, heat or power circuits. 

The requirements governing the installation of signaling 
systems {Rule 85) are, because of their special application, 
omitted from this book. They will be found in full in the 
National Electrical Code. 

86. WIRELESS TELEGRAPH APPARATUS. 

The requirements relating to the installation of wireless 
telegraph apparatus are, because of their special application, 
omitted from this book. They will be found in full in the 
National Electrical Code. 

87. ELECTRIC GAS LIGHTING. 

87a. 1[/. ELECTRIC GAS LIGHTING. Electric gas lighting, un- 
less it is the frictional system, must not be used on the same fixture with 
the electric light. 

88. INSULATION RESISTANCE. 

88. 1[/. INSULATION RESISTANCE. The wiring in any building 
must comply with the following requirements: — 

The complete installation must have a resistance between conductors 
and between all conductors and the ground (not including attachments, 
sockets, receptacles, etc.) not less than that given in the following table: — 



Current 


Insulation 
resistance 

. ! 


Current 


Insulation 
resistance 


Up to 5 amp. 

10 

25 

50 

100 


4,000,000 ohms 
2,000,000 

800,000 

400,000 

200,000 


Up to 200 

400 

800 

1600 


100,000 ohms 
50,000 
25,000 
12,500 




1 





The test must be made with all cut-outs and safety devices in place. 
If the lamp sockets, receptacles, electroliers, etc., are also connected, 
only one-half of the resistances specified in the table will be required. 
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CLASS F 

MARINE WORE 

(Rules 90 to 99 inclusive) 

Because of their restricted application, these rules are not 
reproduced herein. They are given in full in the National 
Electrical Code. 
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Acid fumes in storage-battery room. 104 
Air-oooled transformers, require- 
ments «. 351 

A. C, see item in question. 

Arc lamp, multiple, out-out for 339 

installation requirements 340, 341 

movinx picture, construction 

requirements 379 

old, used as gas-filled lamp 

fixture 348 

resistances and regulators 340 

portable, theater wiring, con- 
struction requirements 370 

examples of 374 

installation requirements 371 

operator required for each. . . . 373 

series, glass globes for 202 

bow supported and installa- 
tion requirements 203 

Arc pocket, stage, theater wiring. . . . 366 

plug, stage, theater wiring 369 

Armature-insulation resistance meas- 
ured with voltmeter 76 

Armor of cable fastened in steel boxes. 296 

removal of enamel from 296 

Armored cable, see fdso Cable. 
Armored-cable and concealed knob- 
and-tube system combina- 
tion installation, require- 
ments in 289 

when required 287 

bends, how made 297 

conduit or metal molding, theater 
wiring auditorium lights must 

be in 378 

description of 292 

exposed to weather, installation 

requirements 296 

fixtures supported from outlets, 

ins^ting joint required 319 

ground connections 296 

pounding of 295 

in conceal€»d work, installation 

requirements 295 

in damp places 296 

in fireproof buildings 296 

in outlet boxes, securing 293 

installation requirements of wires 

in 297 

interior system, insulation from 

entrance conduit 122 

junction boxes must be accessible 297 
laid in plaster walls, lead cover- 
ing not required 296 

must be continuous from outlet 

to outlet 293 

on wooden walls or ceilings 295 

or conduit required for theater 

wiring footlights 360 

border and proscenium lights. 363 

stage mring 356 

strips 374 
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Armored-cable, outlet plate 294 

installation requirements 294 

outline lightin|r wires in 383 

run against bnck walls 296 

service connections 294 

terminal fittings required at steel 

boxes 297 

cord, metal flexible, in show 

cases, when required 336 

Arrester, lightning, definition of 57 

ground connection for 61 

ground-plate ground connec- 
tion 57, 59, 62 

ground connection 63 

ground wire connected to pipe. 64 
lead wire connecting to ground. 60 

on pole line 58 

station, location of 59 

Asphaltum or cement, entrance tubes 

closed with 181 

Attendance of generators 65 

Attic, unfinish^, wires in 265, 266 

Auditorium exit lights, theater wiring, 

378, 379 

Auto-starters, casings 96 

installation 95 

Auxiliary d.-t. switch, theater wiring. 356 
Awnings, line wires free from Ill 



B 

Backing, metal molding 317 

Basement, ground wire connection 

in 146, 147 

wires crossing floor timbers in . . . 260 
Base, controller, regulator, motor 
starter and resistance device, 

insulation of 51 

sub, for snap switches in ex- 
posed work 246 

Battery, primary, see Stortige bcU- 

iery. 
Beam, concrete, metal molding car- 
ried around 318 

Bed, charcoal and coke for ground 

connection 149, 150 

Bell-ringing transformers, installa- 
tion requirements 351 

Bend, armored-cable, how made .... 297 

conduit, requirements 311 

Block, fixture, wood, application .... 325 

hanger, multiple arc lamp 341 

terminal, on motor, construction. 101 

wood, support for switches 245 

Board, mounting, for switches 246 

Boards, running, for protection of 

open wiring. .^ 260 

series-circuit wires, construc- 
tion of 200 

Border-light cable, theater wiring, re- 
quirements. . . .^ 364 

construction recjuirements. . . . 362 
suspension and insulation ^f^^ 
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Box, approved, theater auditorium, 

receptacles must be enclosed 

in 378 

catch, underground system 180 

cut-out, and metal cabinet, used 
with flexible conduit metal 
molding and ri|^d conduit . 191 

except in conduit, armored 
cable or metal molding, 
bushing of wires entering. . . 256 
floor outlet, waterproof, example. 245 
junction, see also Box outlet. 

armor of cables on conduit 
fastened in 296 

must be accessible 297 

enamel coating must be re- 
moved from metal molding 
or conduit where enterin|;. . 319 

garages, installation require- 
ments 385 

gas pipe must be securely fas- 
tened in 308 

metal molding must be se- 
curely fastened where enter- 
ing 318 

removal of enamel from when 
making connections 296 

terminal fittings for armored 
cables required at 297 

underground system, installa- 
tion of 180 

metal, fitting for securing flexi- 
ble tubing ends in 257 

outlet, armored-cable installa- 
tion requirements 295 

bushings required where con- 
duit enters 305 

concealed knob-and-tube out- 
lets 292 

conduit, on or in walls or ceil- 
ings, installation require- 
ments 304 

must be securely fastened in. 308 
when may be omitted 305 

covers, flexible cord passing 
through, insulating bushings 
required 337 

enamel coating must be re- 
moved from metal molding 
where entering 319 

function of 303 

garage, installation require- 
ments 385 

gas pipe fastened in, require- 
ments 296 

must be securely fastened in 308 

insulation of metal fixture 
canopies from 324 

lamp receptacles enclosed in, 
theater wiring footlights. . . . 360 

metal molding must be securely 
fastened where entering. ... 318 

methods of securing armored 
cables in 293 

removal of enamel from when 
making connections 296 

required for theater wiring, 
border-light and prosce- 
nium receptacle 363 

strip-light receptacle 374 

steel, accessible, conduit must 
terminate in 298 

terminal fittings for armored 
cables required at 297 

use of preferable to outlet 
plates 304 



Box, plugging, portable, theater wir- 
ing, requirements 375 

sheet steel, theater wiring foot- 
Ught lamp receptacles 

mounted in 360 

theater wiring, light receptacle 

may be mounted in 363 

strip-light receptacle may 

be mounted in 374 

Boxing, protective, around wires pass- 
ing through floors 173 

for series-circuit wires, con- 
struction of 200 

side wall, construction of 263 

wood, for wires, when preferable. 264 
Bracket fixture, theater wiring, meth- 
od of mounting 377 

for outside wires installed near 

shutters and downspouts 115 

Branch circuit, altematmg-current 

motors, protection of 85 

between cut-outs and mains, 

wire sises 220 

three-wire S3rstem, to lamp 

sockets, how run 227 

varsdng-speed motors, deter- 
mination of wire sizes for. . . 87 

taps in molding 271 

Bunches, theater wiring 373 

Bus bars 38, 39 

Bushing, composition, or rubber 
threaded in outlet box covers, 

not permitted 337 

conduit, rebushed with porcelain 

tubes and flexible tubing 174 

for generator-lead protection.. .29, 30 

for wires entering buildings 120 

passing through floors and 

partitions and timbers 170 

insulating, flexible cord must be 
protected by, where enter- 
ing socket 336 

flexible cord passing through 
outlet box covers, require- 
ments 337 

must be continuous entire length 

of hole 173 

porcelain, for carrying ground 
wires through partitions and 

walls 147 

soft rubber, for motor lead wires. 103 
wires entering cabinets, cut-out 
boxes or junction boxes, ex- 
cept in conduit armored cable 

or metal molding 256 

required for conduit, exceptions 

to rule 306 

wires through joists with porce- 
lain tubes, methods of. 171 

through thick walls 174 

C 

Cab, crane operated from, switch and 

cut-out requirements for 389 

Cabinet, approved, knife-blade en- 

trance switch installed in 210 

circuit breaker, out-out or fuse, 

when required 222 

cut-out, armored cable, installa- 
tion re(^uirement8 295, 296 

concealed in concrete or plaster 
walls or ceilings, instfJla- 

tion requirements 304 

conduit and gas pipe mnst be 

securely fastened in 308 
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Cabinet, out-out entering, bushings 

required 305 

gas pipes fastened in, require- 
ments 296 

metal, ^^ounding 192 

molding must be securely 
fastened where entering. . 318 
on wooden walls or ceilings, 

installation requirements . . . 304 
removal of enamel from when 

making connections 296 

except in conduit, armored cable 
or metal molding, protection 

of wires entering 256 

metal, and cut-out box used with 
flexible conduit, rigid conduit 

or metal molding 191 

weatherproof, must be provided 
for outside outline-lighting, 
cut-outs, switches and flash- 
ers 383 

wooden, switch-and-cut-out, con- 
struction of 191 

Cable, armored, installation require- 
ments 297 

and knob-and-tube system 
combination, require- 
ments in 289 

when required 287 

concealed work, outlet plates, 
boxes and cut-out cabinets 
for, installation require- 
ments 295 

description 292 

fixtures supported from out- 
lets, insulating joint re- 
quired 319 

grounding of 295, 296 

in elevator shafts, installa- 
tion requirements 178 

installation requirements 296 

interior system, insulation of 
from service-entrance con- 
duit 122 

main runs, installation re- 
quirements 294 

methods of securing in outlet 

boxes 293 

must be continuous from out- 
let to outlet 293 

on wooden walls or ceilings, 
outlet plates, boxes and cut- 
out cabinets for, installa- 
tion requirements 295 

outlet box and plate, when 

may be omitted 295 

outlet plate, when permitted 294 
outlets, broken surfaces must 

be repaired 295 

installation requirements . . . 294 
outline-lighting wires in, re- 
quirements 383 

removal of enamel from armor 

when making connections... 296 
service connections, installa- 
tion requirements 294 

terminal connectors for 294 

fittings requbed at outlet 

and junction boxes 297 

theater wiring, auditorium 

lights, requirements 378 

(border lights, requirements . 363 

footlights, requirements 360 

proscenium hghts, require- 
ments 363 

stage, requirements 356 



Cable, theater wiring, strips, require 

ments 374 

use of couplings not permitted 

with 294 

conduit-outlet, high-tension. 81 
flameproof insulation distances 42, 50 

flameproofing, method of 37 

stripping back 42 

flexible, charing garage, insula- 
tion requirements 385 

connector, charging garage . . . 385 
from generators, supporting of . . 43 
grounding of metallic sheath of . . 123 
high-tension motor, protecting 

against moisture 81 

termination of 81 

larger than No. 0, method of 

terminating 165 

master, lugs required for, theater- 
wiring portable plugging boxes 375 
multiple-conductor, secured to 

insulators 112 

Nos. 6 to 0, method of terminat- 
ing 165 

stranded, Dossert mechanical 

connector for 118, 119 

supported on iron racks 41 

theater wiring, border light, re- 
quirements 363, 364 

proscenium light, requirements 364 

Cables, spacing between 43 

Can, oilv waste, approved 65 

Candelabra lamp receptacle and 

socket, capacity of 226 

Canopy, fixture, insulator, example 

of 325 

installation requirements 326 

metal, insulation of from metal 
and metal-Iath-plaster walls or 

ceilings and outlet boxes 324 

flat, fixture, example of 324 

installation requirements. . . 327 
Capacity, current-carrying, of alu- 
minum wire 182 

of branch circuit serving arc 

lamps 339 

of candelabra-lamp sockets 

and receptacles 226 

of copper bus-bars 39 

wires 181 

table 183 

of flexible-cable connector, 

charging garage 385 

of fuses and cut-outs, allowable 229 
required in electric heater 

circuits 249 

of ground wire, three-phase 

systems 144 

of lamp socket and receptacle . 226 
of neutral wire in three-wire 

ssrstem 179 

of outdoor wires 185 

of outline-lighting circuits, per- 
missible 383 

of rubber-covered wires serv- 
ing A. C. motors 92 

of sign-lamp sockets and re- 
ceptacles 226 

of theater wiring border light 

circuit, permissible 363 

proscenium light circuit, 

permissible 363 

of wires, circuit-breakers 

set above 230 

for motors using auto-start- 
ers 95 
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Capacity of theater wirins for tem- 
porarily exposed work.... 185 

how determined 181 

serving more than one D. C. 

motor 83 

one A. C. motor 84 

one D. C. motor 82 

permissible, miniature moving 

picture equipment 381 

rated, of fuses, requirements . . 230 
safe and ultimate, of wires, 

relation between 182 

watts, ^rmissible in single mold- 
ing circuit 273 

Car house, lighting and power from 
railway wires, installation re- 
quirements 384 

wiring and equipment of cars. . . 384 
Carrying capacity, current, see Ca» 
pacity. 

Catch box, underground sjrstem 180 

Ceiling fixtures, see Fixtures, ceiling. . 323 
Cell, primary, see Storage battery. 

storage, see Storage battery. 
Cement or asphaltum for closing 
underground service-entrance 
tubes where entering build- 
ings 181 

or metallic paint should not be 

used on insulating joint 323 

or plaster, wires laid in 258 

Central stations, ground wire connec- 
tions for 146 

Chain fixture, flexible cord permitted 

for use with 336 

wires for, requirements 328 

Chandelier, large, capacity of fuses 

and cut-outs allowed in 229 

Charcoal bed for plate ground-wire 

connection 149, 150 

Charging garage, flexible-cable con- 
nector, installation and con- 
struction requirements 385 

insulation requirements 385 

panel, garage, location of 386 

Choke coil, function of 64 

insulation of 65 

Circuit breaker and mains, wire sizes 

for ii branch ciccuit between 220 

cabinet enclosing 222 

exposed to mechanical injury, 

combustibles, inflammable 

gases or dust, protection of 191 

to moisture, protection of . . . . 193 

for circuit having a maximum 

cai>acity greater than that for 

which approved enclosed fuses 

are rated 233 

for combination two-wire three- 
wire circuit 221 

for railway power plant feed 

wires 103 

four-phase three-wire circuits, 

requirements 189 

grounded street-railway circuit, 

requirements 190 

in permanently-grounded wire. . 218 

service wire 211 

in private-plant service wires. . . 216 
installed without other auto- 
matic overload protective de- 
vices, requirements 188 

oil, dustproof case for 192 

principle 189 

protecting A. C. motor, time- 
limit rating 92 



Circuit breaker protecting only one 
A. C. motor requiring large 
starting current, rating of. . 230 

primary circuit 140 

service wires entering build- 
ing 207 

single-phase motors 232 

required in every wire, excep- 
tions to rule 186 

set above canying capacity of 

wires 230 

three-phase three-wire circuits, 

requirements 189 

three- wire D. C. generator 25 

generator 27 

two-phase four-wire circuits, re- 
quirements 189 

three-wire circuits, require- 
ments 189 

used as switch and cut-out 92 

arrangement of 189 

Circuits carrving more than 660 
watts, single-pole switches never 

used on 240 

Clamp for support of wires in vertical 

conduit 279 

ground, conduit, examples of . . . 309 
for connection to water pii>e . . 147 
metal-molding ground pipes 
must be cleaned of rust 

where attached to 319 

required for conduit ground 

connections 308 

pipe support for cleats 42 

plate, and locknuts for ground 
wire connection to ground 

pipe 155 

soldering stranded wire fastened 

under 169 

Cleat, porcelain, fastening to sur- 
face 167, 168 

ground-wire supports 144 

holding flexible and porcelain 
tubes in place where crossing 

pipes in dry j^laces 176 

insulators for wires exi>osed to 

weather 114 

pipe-clamp support for 42 

sup^rting very heavy wires. . 167 
wires in open dry places, 

when used 268 

smaller than No. 8 166 

two- wire, illustration 163 

weatherproof socket suspend- 
ed from 331 

wires on around ^timbers, how 

installed 270 

Cluster, flexible cord not permitted 

for support of 334 

Coil, choke, function of 64 

insulation of 65 

compensator, for arc lamp, 

mounting requirements 341 

economy, for arc lamp 341 

high-potential, for vacuum tube 
system, installation require- 
ments 344 

Coke bed for ground connection. 149, 150 
Collector circuit, crane, switch and 

cut-out required for 389 

crane, design requirements 389 

wires, crane, installation require- 
ments 388 

support of .^. 386 

Comb, metallic, for machine statio 
discharge 15 
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Combination gas-and-eleotric bracket 
fixture, concealed knob-and- 
tube, example of installa- 
tion 321 

fixture in hollow tile ceiling, 

example of 325 

protection of gas pipe in.. . . 322 
Compartment, special, high-voltage 

bus bars in 30 

Compensator, arc lamp, installation 

of 60 

coil, &i*c Iftmp, mounting require- 
ments 341 

Composition bushing threaded in 

outlet-box covers, not permitted. . . 337 
Conductor, see Wire. 

tubular, for lightning arrester 

ground lead 61 

Conduit, A. C, wires in, installation 

requirements 281 

and knob-and-tube ssrstem com- 
bination, example and re- 
quirements 280 

when required 287 

bends and elbows, requirements 

for making 311 

bushing re-bushed with porce- 
lain tubes and flexible tub- 
ing 174 

reqmred for, exceptions to rule 305 
where entering cut-out cabi- 
net, and junction and out- 
let box 305 

concealed, ceiling fixtures, exam- 
ples of 323 

electrolier outlet, example of 

construction 320 

straight electric bracket fix- 
ture, example of construc- 
tion 322 

construction permitted for out- 
line lighting 382 

D. C. wires in, installation re- 
quirements 281 

enamel coating must be removed 
from where entering couplings, 
cut-out cabinets, fittings, junc- 
tion and outlet boxes 308 

exposed, ceiling fixtures, exam- 
ples of 324 

fiber, for generator lead wbes. . . 37 
fixtures not attached to, instal- 
lation requirements 326 

supported from, insulating 

^ joint required 319 

flexible, metal cabinets and cut- 
out boxes used with 191 

galvanised preferable for con- 
cealed installations 305 

garage wires, requirements 384 

generator lead wires in 33 

ground clamps, examples of 309 

connections, ground clamps 

for, req^uirements 308 

not considered as secondary 

sjrstem ground 311 

wire connection to 147-149 

must be protected from me- 
chanical injury 310 

protection of 145 

sise of 310 

grounding 550-3,500-volt mo- * 

tors to 80 

requirements 306 

how to place locknuts on 302 

in elevator shafts, wires in 178 



Conduit, insulation of wires in 276 

interior system, insulation of, 
from service-entrance con- 
duit 122 

junction boxes must be acces- 
sible 311 

main run, how made 302 

must be continuous from outlet 

• to outlet 298 

first installed as a complete 

conduit system 302 

securely fastened in cut-out 
cabinets, junction and out- 
let cabinets 308 

must extend into steel boxes . 300 

terminate in accessible steel 

outlet box 298 

number of wires permissible in 

same 282 

outlet box concealed in concrete, 
plaster or wooden walls or 
ceilings, installation re- 
quirements 304 

broken surfaces must be re- 

I>aired 304 

fittings permitted at ends of . . 303 
plate concealed in concrete, 
plaster or wooden walls or 
ceilings, installation re- 
quirements 304 

when may be omitted 305 

splices in duplex wires in 118 

when may^ be omitted 305 

outline-lighting system, example 

of 382 

wires in, requirements 383 

protective, ground wire con- 
nected to 146 

rigid, metal cabinets and cut-out 

Doxes used with 191 

service connections, how run 302 

-entrance, grounding of 122 

head for 120 

inside of building 121 

insulation of 122 

wires in 121 

passing through masonry 

waU 121 

wires brought into buildings 

through 120 

sherardized preferable for con- 
cealed installations 305 

side- wall protective, A. C. wires 

in 263 

D. C. wires in 263 

double-braided rubber-insu- 
lated wires in 264 

flexible tubing in 263 

grounding of 264 

sign, wiring, exami>le of 226 

sise of required for installation of 

wires, table 312,313, 314 

smallest sise permissible 298 

splice in wires in 276 

system, complete, conduit must 

be first installed as 302 

function of 276 

must be mechanically secured 

in position 298, 301 

outside,^ waterproof 113 

theater wiring auditorium lights, 

requirements 378 

border light-cable, require- 
ments 364 

lights, requirements 363 

footlights, requirements 360 
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Conduitf theater wiring* proscenium 

light-cable, requirements. 364 

lights, requirements 363 

stage, requirements 356 

strips, requirements 374 

threaas, removing enamel from. 122 
vertical, wires in, how supported 

278, 279 
strain insulators for suppoit 

of 281 

turnbucklesfor support of. . 281 
wires, when permitted to be 

drawn in 277 

Conduit-outlet, cable, high tension. . 81 
-wiring motor installation with 
starting panel, example of . . . . 96 
Connector, Dossert mechanical, for 

stranded cable 118, 119 

flexible-cable, charging garage, 
installation and construction 

requirements 385 

ground wire to ground pipe 154 

indicating plug, required in elec- 
tric-heater circuit 248 

pin plu|(, garage flexible cord, re- 
quirements 385 

theater wiring, installation re- 
quirements 376 

plug, for electric heaters, how ar- 
ranged in circuit 251 

terminal, for armored cables 294 

Constant-current system, see Series 
system. 
-potential pole line, over 5,000 
volts, see Pole line, over 5,000 voUs. 
Contact-wire termination, crane, ex- 
amples of 387 

Controller, crane, installation re- 
quirements 389 

installation of 50, 51 

Copper, ground plate, spiral sheet. . . 152 
strap generator ground connec- 
tion 9 

method of attachment to 

ground pipe 11 

Cord, flexible, cluster support, not 

permitted 334 

chain fixtures, permitted for 

use with 336 

connected to fittings, instal- 
lation requirements 336 

cut-outs protecting, size of 232 

electric heaters, insulation re- 
quirements 251 

entering socket must be pro- 
tected by insulating bush- 
ings 336 

in show cases, protection re- 
quirements 336 

insulation requirements 333 

lamp installation, flexible tub- 
ing protecting; example. . . . 338 
metal armored, m show cases, 

when required 336 

motors, garages, require: 

ments 385 

passing through outlet box 
covers, insulating bushings 

required 337 

pendant lights in garages, re- 
quirements 385 

permissible uses of 334 

portable lamps in garages, re- 
quirements 385 

work, requirements 335 

principal types of 334 



Cord, flexible, theater wiring portable 

equipment, re<]uirements . . 376 
wires in, permissible difference 

of potential between 334 

lamp, see Cordt /Uxible. 

pendant, wires, size of 163 

portable, see also Cord, flexible. 

use of, when permitted 336 

Coupling, enamel coating must be 
removed from conduit where 

entering 308 

metal molding where entering . 319 

when making connections 296 

in long ground pipe 157 

insulating, example of 14 

threads, removing enamel from. 122 
use of not permitted with armor- 
ed cables 294 

Cover, dustproof , for rheostats, regu- 
lators, motor starters and con- 
trollers 51 

outlet-box, bushing require- 
ments 337 

waterproof, for generators 5 

Covering, non-combustible, for wires 

bunched behind switchboards . . . 40, 49 
Crane-collector circuit, switch and 

cut-out requirements 389 

controller, installation require- 
ments 389 

design requirements 389 

grounding requirements 389 

operated from cab, switch and 

cut-out requirements 389 

wire, installation requirements. . 388 

sizes of, table 389 

support of 386 

termination, examples of 387 

requirements 386 

Cross timbers in plastered partitions, 
concealed knob-and-tube wires 
passing through, installation re- 
quirements 286 

Cross-arm, telegraph, telephone, elec- 
tric-light-and-power wires on same, 

spacing 123 

Crossing construction, pole lines over 

5,000 volts 126, 127 

line, grounding of wire screen at 

pole line over 5,000 volts. . . 129 
support of wire screen at pole 

line oyer 5,000 volts 129 

transposition insulator for 

dead-ending 125 

wire, protection of wires at 176 

-and-pipe in damp places, pro- 
tection of wires 177 

Current and heat in wires, ratio 

between 182 

carrjang capacity, see Capacity. 
required to cause wire insulation 

to smoke 186 

starting, size of wires overfused 

to provide 82 

used in series circuits 196 

Curtain motors, theater wiring 369 

Cut-out, allowable capacity for 125- 

volt lighting circuits 229 

250-volt lighting circuits 229 

1,320- watt lighting loads 229 

and mains, wire sizes for branch 

circuit between 220 

and switch, service, how^arranged 235 
automatic circuit-breaker as. . 92 
cabinet, wooden, construction 
of 191 
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Cut-outi arc lamp, when required . . . 339 

at change in wire size 217 

automatic, and resistance for arc 

lamp, example of 340 

permanently-grounded service 

wire 211 

protecting primary circuit. . . , 140 
service wires entering build- 
ing 207 

series-incandescent lamp. .203, 204 
box and cabinet, metal, used with 
flexible and rigid conduit 

and metal molding 191 

except in conduit, armored 
cable or metal molding, pro- 
^ tection of wires entering. . . . 256 
cabinet, armor of cables fastened 

in, requirements 296 

armored cable in concealed 
work, installation require- 
ments 295 

on wooden walls or ceilings, 
installation requirements. 295 
bushings required where con- 
duit enters 305 

concealed in concrete or plas- 
ter walls or ceilings, instal- 
lation requirement 304 

conduit must be securely fas- 
tened in 308 

enamel coating must be re- 
moved from conduit where 

entering 308 

metal molding where enter- 
ing 319 

enclosing, when required 222 

gas pipes fastened in, require- 
ments 296 

must be securely fastened 

in 308 

metal, pounding 192 

molding must be securely 
fastened where entering. . 318 
removal of enamel from at 

connections 296 

wooden walls or ceilings, in- 
stallation requirements 304 

combination two-wire three-wire 

circuit 221 

crane, requirements 389 

electric-heater circuit, require- 
ments 248 

entrance, fuses and switch, how 

installed inside of building 208 

exposed to mechanical injury, in- 
flammable gases or dust, 

protection of 191 

moisture, protection of 193 

garage, installation requirements 385 
in immediate vicinity of easily 

ignitible stuff, protection of. . . 191 
large chandeliers, capacity al- 
lowed in 229 

location of 221 

main-switch and last point of 
support outside of building, 
insulation of wires between. . . 112 
maximum permissible load on. . 223 
mercury-vapor lamp, when re- 
quired 342 

motor-circuit wire protection... 232 
multiple arc lamp, arrangement 

of 339 

outline lighting, capacity al- 
lowed in 229 

installation requirements 383 



Cut-out, outside, switches and 
flashers, weatherproof cabinets 
must be provided for, outline 

lighting 383 

permanently-grounded wire 218 

permissible number of gas-filled 

lamps dependent on 345 

of mercury-vapor lamps de- 
pendent on 342 

private-plant service wires, when 

required 216 

protecting fixture wire, siie of. . . 232 

flexible cord, siie of 232 

wires having safe carrying ca- 
pacities exceeding rated ca- 
pacity of largest approved 

enclosed type 232 

required in every wire, excep- 
tions to rule 186 

sign wiring, capacity allowed in . 229 
single-phase motor, protection. . 232 

small motors, requirements 228 

theater wiring, capacity allowed 

in 229 

footlights, permissible load de- 
pendent on 362 

siie of required, for portable 
equipment flexible or rein- 
forced cord 376 

three-wire, 250-volt, branch cir- 
cuits, installation of 227 

Cut-outs, grouping of, recommenda- 
tions 1 

D 

Damper, magnetic, theater wiring 
flue control, installation require- 
ments 369, 370 

Decorative-lighting systems, installa- 
tion requirements 351 

Demand factor 86 

Detector, ground, circuits not per- 
manently grounded 65 

high-voltage A. C. and D. C. 

circuits 71 

circuits, fuses for 43 

connections, voltmeter 70 

continuously indicating and elec- 
trostatic 72 

function of 66 

incandescent lamp, principle of . . 68 

installation of 72 

lamp, three-wire, three-phase 

circuit and two- wire 69 

lamps, sensitiveness of, table. ... 69 

low-voltage 67 

transformer-and-lamp 72 

wire sizes for 43 

Dimmer,theater wiring, requirements 359 
Discharge, static, machine, protec- 
tion from 15 

Direct current, see item in question. 
Distribution centers, location of, rec- 
ommendations 1 

systems, accidental grounds on . . 66 
Dock, scene, theater wiring, require- 
ments 369 

Door frame, theater wiring portable 
arc lamps, installation require- 
ments ^ 371 

Dossert mechanical connector for 

conductors 118, 119 

Drain for transformer oil 108 

Dressing room, theater wiring, re- 

(juirements 370 

Dnp loops, how made 120 
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Drii> loops in entrance wires 119 

Drying out generator 4 

Duct, tile^ for generator lead wires. . 37 

Duplex wires, joints in, how to make . 1 17 

splices in conduit outlet box. ... 118 

when permissible to use 259 

Dustproof covers for controllers, 
starters, regulators, rheostats and 

resistors 51 

Dynamo, garage, installation require- 
ments 386 

E 

Earth, see Ground . 

connection, see Cfround conneo 
Hon. 

Economy coil for arc lamp 341 

Effects, electrical, theater 378 

Elbow, conduit, making 311 

splicing, Dossert mechanical, for 

wires 119 

Electric-and-gas outlets, flexible tub- 
ing for concealed wires at 290 

crane. See Crane. 

gas lighting 399 

Electrolier outlet, concealed conduit 
and knob-and-tube, on wooden ceil- 
ing, example 320 

Elevator shaft, installation of wiring 

in 178 

Emergency-light circuit, theater, stor- 
age battery for 355 

theater wiring 353 

Enamel coating must be removed 

from conduit 308 

must be removed from metal 

molding 319 

removal of, from armor of cables. 296 

removing from conduit threads.. 122 

Enclosure motor, construction of . . . . 97 

in dusty or Unty place 98 

ventilating openings / 99 

high potential transformers 394 

moving picture machine 380 

Entrance, conduit, insulation of wires 

in 121 

service head for 120 

cut-out and switch, how installed 208 
into frame building, knob-and- 
tube 284 

series system, double-contact 

service switch for 198 

-service conduit, grounding of. . 122 

inside of building 121 

passing through masonry 

wall 121 

wires, drip loops in 1 19 

ground connection 146 

height at which attached 

to building 121 

installation, example of . . . . Ill 

low-potential 120 

underground, entering build- 
ing through tubes 181 

protection of 179 

switch and cut-out, how installed 

inside of building 208 

knife-blade, installation of, in 

approved cabinet 210 

outside of building, how in- 
stalled 211 

Excitation, field, of D.' C.* motors! ] ! 101 
Exit lights, auditorium, requirements. 378 
Extra-high-potential system, defini- 
tion and requirements 397 



Fan motor, ceiling 99 

Feed circuit, three-wire, overload 

protection for 26 

wire, railway power plant, cir- 
cuit-breaker lor 103 

Festoon lights, theater wiring 377 

Fiber conduit 37 

Field excitation of motors 101 

Films, moving picture 380 

miniature 381 

Fishing wires 268 

Fitting for securing flexible tubing 

ends in metal box 257 

Fittings, enamel coating removed 

from conduit 308 

removed from metal mold- 
ing 319 

flexible cord connected to 336 

galvanised iron, for ground wire 

connection 155 

or standardised preferable 305 

materials and details of construc- 
tion 398 

outlet, at ends of conduit 303 

removal of enamel when making 

connections 296 

terminal, required at steel boxes . 297 
required at metal molding 

outlets 315 

Fixture block, wood 325 

bracket scenery, theater wiring. 377 

canopy insulator 325, 326 

insiUation from metal 324 

ceiling, conduit 323 

chain, flexible cord permitted 

with 336 

wires for 328 

combination gas-and-electric, 

protection of gas pipe in . . 322 
bracket, concealed knob-and 

tube 321 

in hollow tile ceiling 325 

flat canopv, example 324 

installation requirements. . . 327 
gas-filled lamp, old arc lamp as. . 348 

wiring requirements 349 

gas, high-potential series lamps 

attached to, not permitted. 396 
series incandescent lamps at- 
tached to 206 

indirect lighting 328 

installed out of doors 327 

insulating joint for 319 

not attached to conduit or gas 

pipe 326 

semi-indirect, gas-filled lamp in. 347 
supported from metal-molding 
outlets, insulating joint re- 
quired 319 

siie of insulating bushing when 

socket not attached to 333 

straight electric bracket, con- 
cealed conduit 322 

when insulating joint not 

required 320 

supported from conduit, armored 
cable, ^as pipe or metal ceiling, 

insulatmg joint required 319 

wire, cut-outs protecting, sise of. 232 
exposed to excessive temperar 

ture 327 

insulation requirements 327 

siie of 162 

testing 328 
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Fixture wired on outside, not per- 
mitted in show cases nor near 

inflammable material 328 

wires in, allowable difference of 

potential between 328 

of different systems not al- 
lowed in same 328 

Flameproofing cables and wires 37-42 

FlameiN*oof cables, insulation dis- 
tance 42-50 

Flasher, outline li^htinc 383 

sign, protection of. 193 

Flat canopy fixture, example of 324 

installation requirements 327 

Flexible cable connector, {parage. . . . 385 

cord connected to fittmgs 336 

cut-outs protecting, sise of . . . 232 
electric heaters, requirements 251 

for portable work 335 

for theater wiring, portable 

equipment 376 

garages, pin plug connector for, 

requirements 385 

in show oases, protection re- 
quirements 336 

insulation requirements 333 

lamp installation, flexible tub- 
ing protecting 338 

metal armored, in show cases, 

when required 336 

motors, garages, require- 
ments 385 

must be protected by bushing 

where entering socket 336 

not permitted for support of 

clusters 334 

passing through outlet box 

covers, bushmgs reauired . . 337 
permitted for use with chain 

fixtures 336 

portable and pendant lamps in 

p^aragee 385 

principal tjrpes of and permia- 
ble difference of potential 

^ between wires 334 

tubing and porcelain tubes, 
conduit bushing re-bushed 

with 174 

o<Hioealed knob-and-tube wires 

fished in, when required. . 287 

when required 286 

crane wires, when required . . . 386 
ends secured in metal box, fit- 
ting for 257 

in conduit side-wall protec- 
tion 263 

knobs for holding in place 
where crossing pipes in dry 

places 176 

outline lighting, installation 

requirements 382 

protecting flexible cord lamp 

installation, example 338 

protecting wires in dry places 
against contact with pipes, 

174. 175 
reqtured for wires at knob- 
and-tube outlets 290 

Flood-lighting units 350 

Floor block 263 

boxing around wires passing 

through 173 

channels, generator lead wire, 

construction of 36 

metal molding passing through . . 315 
outlet box, waterproof 245 



Floor timbers, concealed knob-and- 
tube wires passing through, in- 
stallation requirements 286 

trenches, generator lead wire, 

construction of 36 

wires passing through, porcelain 

tubes as insulators for 170 

wood molding passing through, 

how installed 274 

Flue control, theater wiring, dampers 

for 369, 370 

Footlight construction,- theater wir- 
ing 360 

Footlights, theater wiring, permissible 

load dependent on one cut-out 362 

receptacle for 361 

Frame, motor, over 550 volts, ground- 
ing of 78 

motor, under 550 volts, insula- 
tion or grounding of 79 

timber, for transformer on walls. 134 
Fumes, acid, in storage-battery room. 104 
Fuse requirements, auditorium exit 

lights 378 

theater wiring portable plug- 
ging boxes 375 

Fuses and mains, wire siies for branch 

circuits between 220 

and service switches . .^ 185 

and switches controlling motors 

and heating devices 185 

at change in wire sise 217 

cabinets enclosing, when re- 
quired 222 

capacity allowable for 125 and 

250 volt lighting circuits. 229 
for 1 ,320-watt lighting loads. 229 

in large chandeliers 229 

in outline and sign and 

theater lighting 229 

for electric heater circuit8,223-248 
enclosed, carrying capacity of . . . 230 
entrance cut-out, how installed 

inside of building 208 

for combination two-wire three- 
wire circuit 221 

for ground-detector potential 
transformer, pilot light and 
switchboard instrument cir- 
cuits 43, 44 

for group of small motors 90 

for protection of motor-circuit. . 232 
for receptacles, when required . . 227 
in permanently-groundea service 

wire 211 

in permanently-grounded wire... 218 
in private plant service wires .... 216 
in three-wire, 250-volt branch 

circuits, installation of 227 

link, how rated 230 

spacing requirements and when 

permissible 222 

must be enclosed, theater wiring 

auditorium exit lights 379 

neutral, omitted, siie of neutral 

wire 214 

protecting flexible cord and fix- 
ture wire, siie of 232 

protecting motors, and heating 

devices, how arranged 185 

protecting only one A. C. motor 
requiring large starting current, 

rating of 230 

protecting primary circuit 140 

protecting service wires entering 
buUding 207 
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Fuses, protection of wires having safe 
carrying capacities exceeding 
rated capacity of largest ap- 
proved enclosed tsr])e 232 

required in every wire, excep- 
tions to rule 186 

safety, required for constant-po- 
tential generators 16 

starting, for one alternating- 
current motor 84 



Q 

Gallery arc-and-incandescent pocket 

receptacles, theater wiring 366 

arc-pocket plug, theater wiring, 

example of construction... 369 
must not be interchange- 
able with incandescent. . . 368 
Galvanised conduit and fittings pre- 
ferable for concealed installations . . 305 

Garage, wiring 384, 385, 386 

Gas-and-electric fixture, in hollow tile 

ceiling 325 

outlet, flexible tubing for knob- 

and-tube wires 290 

Gas-filled-lamp circuit, allowable ca- 
pacity 345 

description 344 

fixture, old arc lamp as 348 

wiring requirements 349 

flood-lighting units 350 

in semi-indirect fixture 347 

in show cases 347 

permissible load on single socket 

or receptacle ^ 346 

when not permitted with Mogul- 
or meoium-base sockets or 

receptacles 348 

Gas fixture, high-potential series 
lamps attached to, not per- 
mitted 396 

series incandescent lamps at- 
tached to, not permitted 206 

in underground tubes 181 

inflammable, lamps and sockets 

near, requirements 329 

lighting, electric. 399 

Generator, A. C. circuit overload pro- 
tection 19 

name i>late 28 

short-circuit 20 

small isolated, overload pro- 
tection for 21 

and switchboard, concealed and 

open wiring between 30 

cables from, supporting of 43 

capacity, allowable, 650-volt 

motor equipments 256 

care and attendance 65 

direct-connected to water wheel 
or steam 'j;>rime mover, ground- 
ing 12 

D. C., name plate 28 

overload protection 18 ■ 

shunt wound, overload pro- 
tection for . . . .^ 22 

three-wire, circuit breaker for . 25 
two-wire, compound-wound, 

overload protection for 21 

drying out, method of 4 

frame insulation, method of . . . . 13 

shock through 8 

wood, impregnation 14 

ground plate, use of 11 



Generator, ground plate, wire, instal- 

^ lation of 10 

size of .^ 9 

grounding, desirability of 8 

650 volts and over 6 

550 volts and under 12 

insulation of frame, 550 volts and 

under 12 

lead, bus bar as, how installed . . 38 
floor channels, construction of. 36 

fiber conduit for 37 

ground connections 31 

installation of .^ .^ 31-33 

protection against moisture. . . 31 

bushings for 29, 30 

. tile duct for 37 

to switchboard 34 

lead-sheathed cable termination . 35 

leakage current path 7 

location of 3 

near combustible materials 6 

overloading of 17 

protective overload . apparatus 

for ; ... 16 

strap copper ground connection. 9 

terminal blocks ,. 29 

three-wire, interlocked circuit 
breakers for overload protec- 
tion of 27 

two-wire, feeding permanently- 
grounded circuit, over- 
load protection for 24 

three-wire circuits, overload < 

protection for 22 

waterproof cover for 6 

wires from, supporting of 43 

Glass tray used for supporting stor- 
age battery 105 

Globe, arc lamp, required for 340 

glass, for series aro^ lamps 202 

vapor-tight, requirements and 
method of installation .... 329, 330 
Ground, accidental, on three-wire, 
grounded-neutral system, 

effects of 212 

ungrounded-neutral system, 

effects of 213 

on wiring systems. 66 

armored cable, not considered as 
ground for a secondary system. 296 

cap ^. 145 

clamp attached to conduit 

ground pipes 308 

conduit, examples of 309 

metal-molding ground pipes 
must be cleaned of rust 

where attached to 319 

conduit, not considered as second- 
ary system ground 311 

connection, see also Oraund wire 
connection. 
armored-cable, must be ex- 
posed to view or readily ac- 
cessible 296 

building service wires 146 

central station 145 

D. C. neutral wire, spacing 

between 136 

generator 9 

lead wires 31 

individual transformers 146 

inside of building 143 

lightning arrester 61 

installation for industrial 

plant 63 

machine and earth 8 
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Ground oonneotion, motors 70 

pipe 10 

reeistanoe, dififerent types .... 160 
three-phase two- wire and three- 
wire secondaries 136 

distance to drive ffround pipe into 155 
insulation of trolley wires from. . 123 

machine insulation 3 

multiple-connection for station 

lightning arresters 61, 157 

pipe, armored cable, how pre- 
pared 296 

cap for 145 

conduit connections to must be 

exposed 308 

connection 153, 158 

-detecting voltmeter 71 

distance to drive into ground . 156 
ground-strap, method of bolt- 
ing to 11 

ground-wire connection to . 147-149 

special fittings for 154, 155 

metal-molding connections.. 319 

point for. 145 

detector circuit, fuses and wire 

sise for 43 

connection voltmeter 70 

continuously indicating elec- 
trostatic 72 

D. C. systems 71 

function of 66 

ground wires connected to gas 

pipes 72 

lamp, general directions for 

instalUng 72 

principle of ^ 68 

two- and three-wire and 

three-i>ha8e circuits 69 

lamps, sensitiveness of, table .69, 70 

low-voltage 67 

single-phase, A. C. systems. 71 

transformer-and-lamp 72 

plate, generator, use of. 11 

ground-wire connection, char- 
coal and coke bed for. 149, 150 

how to make 149-152 

spiral sheet copper 152 

pole-line, method of making 144 

rod, typical 159 

secondary system, conduit ground 

not considered as 311 

testing 142 

-strap connection to ground pipe, 

bolting 11 

wire, armored-cable, siae of 296 

central station 145 

conduit for protection of ... . 145 

siie and protection of 310 

connection, see also Ground 
connection. 

at meter in cellar 146 

multiple-pipe, installation 

of 11,157 

to conduit. .^ .147-149 

to ground pipe, galvanised 
awning, special fittings for 

154, 155 

how to make 153, 154 

to ground plate, lightning 
arrester, example of .57, 59, 62 

to secondary neutral 140 

to steel rails. 147 

D. C. three-wire and A. C. 

systems, size of 143 

galvanised iron wire used as . . 144 
generator, installation of 10 



Ground wire, ground-detector, con- 
nected to gas pipes 72 

in basements, porcelain sup- 
ports for 147 

in molding within building. . . . 147 
inside of building, require- 
ments 143 

installation of 144 

lightning arrester, connected 

to gas pipes 64 

molding for protection of . . . 63 

size of 61 

metal molding system, size of. 819 

protection and size 122, 145 

three-phase systems, carrying 

cai^acity of 144 

Grounded circuit, fixture wires must 

be kept free from 327 

Grounding armored cables 295 

conduit, requirements 306 

to 650-3,500-volt motors . 80 

used for side- wall protection . . 264 

cranes, requirements. .^ 389 

general situation relative to. . . . 142 
guard wires for pole lines over 

5,000 volts 128 

high-potential transformers 395 

instrument-transformer cases . . . 109 

metal cabinets 192 

molding, requirements. . . 317, 318 

metallic sheaths of cables 123 

motor frames ^. . .^ 78, 79 

Grounding neutral insures continuity 

of neutral wire 142 

secondary, desirability of. .... . 137 

fire hazard increased and life 

hazard decreased by 141 

high-voltage 131 

method of 136 

objections to 141 

requirements 132 

when compulsory 142 

when optional 143 

service-entrance conduit 122 

transformer casing 108 

wire screen at line crossings pole 

lines over 5,000 volts 129 

Guard, end-insulator, for pole lines 

over 5,000 volts 124 

preventing accidental closing 
of double-throw vertically- 
mounted switch 238 

required for portable' lamps. . . . 335 
required for portable lamps in 

garages 385 

required for theater wiring bor- 
der lights ., 363 

reguired for theater wiring dress- 
ing room lamp 370 

required for theater wiring fes- 
toon lights used in lanterns.... 377 
required for theater wiring 

proscenium lights 363 

strip for protection of open-work 

wiring, . .^ ^ 260 

series-circuit wires exposed to 

injury 201 

wire, pole lines over 5,000 volts, 
installation and grounding of.. 128 
trolley, insulation from ground 123 

H 

Hanger block, multiple arc lamp. ... 341 
board for series circuit wires. . . . 200 
for transformer on exterior walls 133 
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Heat and current in wires* ratio 

between. 182 

Heater circuit, electric 248 

pilot lights in 249 

special, control of 250 

Heater, electric, definition and re- 
quirements 248 

flexible cord and plug require- 
ments 251 

name-plate and protection for 254 

special circuits for 250 

Heating device and motor, fuse and 

^ switch control arrangement for 185 
circuit, small, maximum permis- 
sible load on one cut-out 223 

connected to receptacles, when 

permissible. . . ^ 227 

High-potential series and multiple 

lamps ". 396 

system, definition of 393 

transformer vault, construction 

requirements 395 

enclosures required for and 

location of 394 

example of 394 

grounding requirements 395 

wires, 8ei>aration between and an 
insulation supporting require- 
ments 393 

Hole in joist, boring in finished build- 
ings 173 

how to bore 171 

Hollow-tile ceiling, fixture in 325 

Hook, rubber, insulator for outside 
wires 114 

I 

Impregnation, wood generator base 

frames 14 

Indicating lights in electric-heater 

circuits 249 

snap switches, when preferable 

on lighting circuits 240 

Indirect lighting fijcture, example of 

wiring 328 

Inflammable stuff, socket installa- 
tion requirements. 332 

Instrument for measuring insulation 

resistance 73 

switchboard, fuses for protecting. 44 
transformer cases, grounding of . 109 
Insulating bushing, flexible cord must 
be protected by where en- 
tering socket 336 

socket, when not attached to 

fixture 333 

coupling, example of 14 

generator frame, method of . . . . 13 
joint for fixtures, when required. 319 

kinds of 321 

metallic paint or cement should 

not be used on 323 

reasons for use of 320 

material, machines 3 

motor frames under 650 volts ... 79 

stud, example of 321 

wire joints, method of 116 

Insulation, bus bar 39 

choke coils 65 

controller bases 51 

distances for flameproof cables 42, 50 

fixture wire, requirements 327 

flexible cord 333 

generator frame, 550 volts and 
under 12 



Insulation, generator room wires, re- 
quirements 37 

ground wire inside of building. . . 143 
high-potential wires, require- 
ments 393 

interior armored-cable oonduit 
or metal molding system from 

service-entrance conduit 122 

line wires Ill 

metal fixture canopies 324 

motor starter resistance device 

and regulator bases 51 

requirements, flexible cable, 

charging garage 385 

resistance, armature, measured 

with voltmeter 76 

electrical apparatus and syB- 
tems and methods, instru- 
ments for measuring it 73 

stator windings ana wiring 

systems, measuring 77 

table of permissible values for 
interior wiring installations. 399 

series-system wires 197 

service-entrance oonduit 122 

wires Ill 

splice in weatherproof wir« 116 

theater wiring, border-lights and 

proscenium lights 365 

gallery pockets and stage 

pockets 366 

tie-wire 164 

trolley wires from ground 123 

wire between last point of sup- 
port outside of building and 

main-cut-out-p witch 112 

current required to cause 

smoke 186 

for resistances, resistors and 

rheostats 56 

how temperature rise is af- 
fected by 184 

in conduit 276 

entrance 121 

in open damp places 271 

dry places 267 

passing through floors, tim- 
bers, etc., porcelain tubes 

for 170 

Insulator, fixture canopy, example of . 325 

how attached 326 

guards, end for pole lines 124 

petticoat 114 

multiple-conductor cables se- 
cured to 112 

porcelain, for interior electric 

wiring 163 

storage batteries mounted on . . . 104 
strain, at termination of heavy- 
wire runs 165 

for support of wires in vertical 

conduit 281 

multiple-conductor cables se- 
cured to 112 

transposition, for dead-ending 

hign-tension pole line crossing. 125 
wire, -exposed to weather, por- 
celain knob and cleat 114 

exposed to weather, rubber 

hook 114 

on, in elevator shaft. 178 

Iron, electric, examples of installa- 
tions 253 

non-combustible stand for 252 

pipe for side- wall protection .... 265 
wire, ground wire 144 
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J 

Joint, duplex wire, how to make. ... 117 

in conduit outlet box 118 

in wire in conduit 270 

insulating, for fixtures, when 

required 319 

kinds of 321 

metallic paint or cement 

should not be used on 323 

reasons for use of 320 

when not required in straight 

electric fixtures 320 

interior wires, how to make . . 1 16, 169 

long ground pipe 157 

not allowed between outlets in 

molding wires 272 

or splice not allowed between 

outlets in molding wire 272 

pipe, in ground-wire connection, 

resistance of 147 

pole construction, pole lines over 

6,000 Tolts 128 

tap, in wires, how to make 117 

weatherproof wire, insulation of . 116 

Joist, boring noles in 171-173 

in attics and roof spaces, wires 
carried on knobs on upper 

edge of 266 

method of bushing wires through 

with porcelain tubes 171 

Junction box, armor of cables fas- 
tened in, requirements 296 

armored-cable, must be accessi- 
ble 297 

conduit, must be accessible 311 

enamel coating must be removed 
from conduit which must l>e 

securely fastened 308 

must be removed from metal 

molding where entering. . . 319 
removal of when making 

connections 296 

except in conduit armored cable 
or metal molding, bushing and 
protection of wires entering. . . 256 
garages, installation require- 
ments 385 

gas pipe must be securely fas- 
tened in 296-308 

metal molding must be securely 

fastened where entering 318 

terminal fittings for armored 

cables required at 297 

underground system, installation 

of 180 

wire support in vertical conduit . 279 



K 

Key sockets, use of not advisable. . . 329 
Keyless sockets required over inflam- 
mable stuff or when exposed to 

combustibles 332 

Knob, porcelain, fastened by screw, 

breakage 167 

ground wire support 144 
olding flexible tubing where 

crossing pipes 176 

insulator for wires exposed to 

weather 114 

leather head on nail fastening. 168 
on upper edge of joist in roof 
si>ace or unfinished attic, 
wire carried on 266 



Knob, porcelain, screw for fastening. 167 
solid, description of tie- wire. . 164 

illustration of 163 

method of terminating No. 

8 or larger wire on 165 

method of tying wire on 164 

supporting very heavy wires. 167 
supports for wire in open 

dr^ places, when used 268 

split, intermediate supports 
for wires smaller than No. 

8 165, 166 

socket suspended from 332 

supports for wire in open 
dry places, when used. . . . 268 
support for low-potential out- 
side wires not exposed to 

weather 116 

signal wires exposed to 

weather 116 

three-pole, rear-connected 
knife switch mounted on. . . 188 
Knob-and-tube, details of entrance 

into frame building 284 

installation, complicated, exam- 
ple of 288 

outlet, concealed, flexible tubing 

required for wires at 290 

outlet boxes and plates at. . 292 
system, concealed, and armored 
cable and conduit, com- 
bination installation, re- 
quirements 289 

and conduit combination 
installation, when re- 
quired 287 

combination bracket fixture, 

example of installation. . . 321 
electroher outlet on wooden 
ceiling, example of con- 
struction 320 

wires, concealed, combination 
gas-and-electrio outlets, 
flexible tubing for, re- 
quirements 290 

fastened at outlets 291 

fished in flexible tubing, 

when required 287 

flexible tubing for, when re- 
quired 286 

for generators 30 

insulation of 283 

passing through floor timbers, 
walls and partitions installa- 
tion requirements 286 

requirements for support, sepa- 
rations 283 

separation between supports. 286 

wiring, disadvantages of 282 

work, exposed, sub-bases re- 
qmred for supporting snap 
switches in 246 



T. 



Lamp, arc, see Arc lamp. 
Lamp cord, see Flexible cord. 

gas-filled, see Gcu-filled lamps, 

principle of 68, 69 

ground detector, general direc- 
tions for installing 72 

guards required, theater dressing 

rooms 370 

incandescent circuit, exceptions 
to rule limiting load 
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Lamp,*] incandescent circuit* ' maxi- 
mum permissible load on 

one cut-out 223 

not permitted for resistances 

for arc lamps 340 

protective^as resistance 53-55 

mercury-vapor, see Mercury va' 

por lampa. 
near inflammable gases, installa- 
tion requirement 329 

pendant, and portable, method of 

installing 335 

receptacle, watts capacity 226 

theater wiring footlights 360 

series incandescent, attached to 

gas fixtures 206 

. automatic out-out, details of 

construction 204 

automatic cut-out 203 

how supported 205 

socket, watts capacity 226 

Lantern, theater wirmg festoon light . 377 
Lattice, metal back of switch-boards . 49 
Lead covering not required for ar- 
mored cables laid in brick or 

ordinary plaster walls 296 

ground, see Ground wire. 
Lead-sheathed generator leads, in- 
stallation of 33 

termination 35 

Leather head 168 

Life hazard decreased by secondary 

grounding 141 

Light, pilot, in eleotrio-heater cir- 
cuits 249 

Lightning arrester, definition of 57 

connecting to ground installa- 
tion 60 

ground connection for 61 

installation 63 

on pole line 58 

plate ground-wire connection, 

example of 57, 59, 62 

station, location of 59 

wire 64 

Line, pole, see Pole line. 

wire, insulation and clearance of . Ill 

spacing between 112 

Link fuses. 222 

Load, division of, recommendations. 1 
exceptions to rule limiting in- 
candescent-lamp circuit 225 

permissible, dependent on one 
cut-out, theater wiring foot- 
lights 362 

Locknuts on conduit, how to place . . . 302 
Loop, drip, in entrance wires. .. . 119,120 

wiring. 299 

Low-potential circuit or system .... 256 
Lug, ground-wire connection to water 

pipe 147 

receptacle, wires soldered to, 
theater wiring footlights. . . . . . 360 

required for all stranded wires, 
theater wiring portable 

equipment 372 

for master cable, theater-wir- 
ing portable plugging boxes . 375 
soldering wires into, method of . . 170 
terminal, for ground wire connec- 
tion to ground pipe 155 

splicing, Dossert mechanical, 

for wires 119 

when to solder wires into 169 

wires must be soldered to, out- 
line lighting sockets 383 



Lug, wires must be soldered to, 
theater-wiring border and 
proscenium light receptacle. 363 
must be soldered to, theater- 
wiring strip-light receptacle. 374 



M 

Magnet-damper flue control, theater- 
wiring 370 

Main, motor, D. C, determination of 

wire size for 83 

alternating-current, serving sev- 
eral motors, demand factor for 
determination of wire size for . 86 
No. 8 and larger in damp places 

in mill buildings 271 

Mansard roof, pole lines located near . 129 

Marine work 400 

Masonry wall, service entrance con- 
duit passing through 121 

Master cable, theater wiring plugging 

boxes 375 

Mercury vapor lamp, out-out for, 

when required 342, 343 

Metal armored flexible cord in show 

cases 336 

ceiling, fixtures supported from. 319 
fixture canopies, insulation of. . 324 
lath-plaster walls or ceiling, fix- 
tures on, insulating jomt re- 
quired 319 

insulation of metal fixture cano- 
pies from 324 

Metal molding, see Molding^ metal. 

trough, outline-lighting 382-384 

wall or ceiling, insulation of metal 

fixture canopies from 324 

Mill building, high-potential wires 

in, separation between 393 

separation between wires.... 271 
Miniature moving picture equipment. 381 
Moisture protecting generator lead 

wires against 31 

high-tension motor cables 

against 81 

switchboards against 49 

Molding 273 

for protection of ground wire .... 145 
installations and D. C. wires in . 275 
metal, advantages of over wood. 314 
alternating-current wires in. . . 319 
backing, how secured in posi- 
tion 317 

carried around concrete beam, 

example of 318 

through partition, method 

of 274 

conduit or armored cable, 
theater wiring auditorium 

lights must be in 378 

connections to ground pipes 

must be exposed 319 

enamel coating must be re- 
moved from couplings and 
where entering^ steel boxes . . 319 
fixtures, insulating joint re- 
quired 319 

grounding 317 

interior system, insulation of 
from service-entrance con- 
duit 122 

maximum wattage permissible 314 
metal cabinets and cut-out 
boxes used with 191 
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MoldinKt metal, must be continuous 

from outlet to outlet 315 

mechanically secured at all 
points and where entering 

steel boxes 318 

must have approved terminal 

fittings at outlets 315 

passing through floor, how 

protected. 315 

partitions 317 

side wall protection for.. . .315, 310 
wires permitted in garage 

offices and show rooms 384 

not permitted for outline lighting 382 
places where should not be used . 275 
requirements for making branch 

taps in 271 

to protect lightning arrester 

ground lead 63 

wires in, in elevator shafts 178 

insulation of 271 

joints or splices not allowed 

between outlets 272 

must be continuous 271 

wiring prohibited in damp and 

concealed locations 273 

for systems over 300 volts. . 273 
within building, ground wire in. . 147 
workf exposed, sub-bases re- 
quired for supporting snap 

switches in 246 

wood, passing through floors .... 274 

precautions in supporting 275 

supported on brick walls 274 

Motor, adjustable speed, connection 

of 102 

A. C, branch circuits, protec- 
tion of 85 

carrying capacity of rubber- 
covered wires serving. ... 92 

of wires serving 84 

protection of rubber-covered 

wires serving 92 

requiring large starting cur- 
rent, rating of fuse or circuit 

breaker protecting 230 

starting fuses for 84 

switch for . . .^ 85 

time limit circuit breaker pro- 
tecting 92 

and starting device, protection 

of 88 

cable, high-tension 81 

ceiling;, f an^ installation 99 

circuit, omission of switch in. . . . 92 
small, maximum permissible 

load on one cut-out 223 

wires, cut-outs and fuses for 

protection of 232 

connected in multiple-series 97 

crane, cut-out requirements for 

more than one 389 

curtain, theater wiring, instal- 
lation requirements 369 

demand factor for determina- 
tion of wire size for main serv- 
ing several 86 

direct-current, carrying capacity 

of wires serving 82 

carrying capacity of wires 

serving more than one 83 

starting panels for 95 

drip pans for 99 

enclosed, use of in dusty places . . 98 

enclosure, construction of 97 

ventilating openings 99 



Motor, equipments, 550 volt, allow- 
able generator and transformer 

capacity 256 

for movmg picture machine 

operation, requirements 380 

frame, grounding of 78, 79 

insulation of 79 

fuses protecting, how arranged. . 185 

garage, flexible cords 385 

installation requirements 386 

generator three-wire system, 

overload protection for 23 

ground connections for 79 

grounding, sixes of sprinkler pipe 

for 79 

to sprinkler pipe 78 

in dusty^ or linty place, con- 
struction of enclosing case for. 98 
lead wires, soft rubber bushings 

for 103 

main, direct-current, determina- 
tion of wire size for 83 

method of grounding 78 

name plates 100 

power output of 87 

railings around 96 

rheostat, location of . .^ 88, 91 

room, outside wires directly en- 
tering ^ — 82 

single-phase, circuit breaker 

fuses or out-out for protection . 232 

small, cut-out for, requirements . 228 

fuses and switches for group of 90 

protection of 88 

starter, dustproof cover for 51 

installation of 50 

starting rheostat enclosing case, 

construction of 53 

switch, location of 88, 91 

terminal blocks, construction of . 101 
using auto starter, carrying 

capacity of wires 95 

varying speed 88 

determmation of wire sizes for. 87 

marking and rating of 101 

wiring for 80 

Moulding, see Molding. 
Moving picture establishment wiring, 
see Theater vnring. 

arc and incandescent lamps 379 

equipment, miniature 381 

machine re9uirements 380 

reels containing films under ex- 
amination or in process of re- 
winding 381 

Mud tubes, use of 286 

Multiple-connection ground for sta- 
tion lightning arresters. . . .61, 157 

pipe ground connection 11 

series incandescent lighting sys- 
tems not allowed 206 

lamp, high potential, not per- 
mitted. 396 

motors connected in 97 



N 

Nail, fastening cleat and knobs 167 

leather washer for 168 

Nameplate, electric heaters 254 

generator, A. C 28 

D. C 28 

motor. 100 

on miniature moving picture 

equipment 381 
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Netting, wire, for series-arc-lamp 

globes 202 

required around arc-lamp 

globes 340 

Neutral, D. C. three-wire station 

ground wire 143 

fuse omitted, sise of neutral wire 214 
grounding, insures continuity of 

neutral wire 142 

secondary, ground wire, reason 

for connection to 140 

three-wire system, carrying 

capacity of 179 

wire, D. C. three-wire low-poten- 
tial circuit, grounding of.. . . 134 
of three-wire S3rstem, single- 
pole switches never placed in 240 
underground D. C, ground 
connections 135 

O 

Oil, transformer, drain for 108 

transformers, installation re- 
quirements 351 

Oily waste can 65 

Open-work wiring, running boards . . 260 

outline lighting 383 

Operation, moving picture machine, 

motor 380 

Outdoor work, miniature receptacles 

not approved for, outline lighting . . 383 
Outlet, armored cable, broken sur- 
faces must be repaired 295 

box, armored cable, when may 

be omitted 295 

armor of cable fastened in ... . 296 
at concealed knob^nd-tube 

outlets 292 

bushings required where con- 
duit enters 305 

conduit, concealed in plaster 
and concrete walls or ceil- 
ings 304 

must be securely fastened in. 308 
on wooden wall or ceiling . . . 304 
splices in duplex wires in. . . 118 

when may be omitted 305 

covers, composition and rubber 
bushings threaded in not 

permitted 337 

flexible cord passing through, 
insulating bushings re- 
quired 337 

enamel coating must be re- 
moved from conduit where 

entering 308 

must be removed from metal 
molding where entering. . 319 
floor, waterproof, example of. 245 
for armored*cables, insUulation 

requirements 295 

function of 303 

garages, installation require- 
ments 385 

gas pipe fastened in, require- 
ments 296 

metal molding must be fas- 
tened where entering 318 

methods of securing armored 

cables in 293 

gas pipe must be securely fas- 
tened in 308 

insulation of metal fixture 

canopies from 324 

removal of enamel from when 
making connections 296 



Outlet box, steel, accessible, conduit 

must terminate in 298 

terminal fittings for armored 

cables reciuired at 297 

theater wiring border- and pro- 
soenium-ught receptacle, 

requirements 363 

footlights, lamp receptacles 

enclosed in 360 

strip-light receptacle 374 

use of preferable to outlet plate 304 
combination gas-Mid-electrio, for 
concealed knob-and-tube wires 

at, requirements 290 

concealed knob-and-tube, broken 

surfaces must be repaired. . . 292 
flexible tubing required for 

wires at 290 

outlet box or plate at 292 

wires fastened at 291 

conduit, broken surfaces must be 

repaired 304 

cable; high tension 81 

electroher, conceited conduit 
and concealed knob-Mid-tube, 

example of construction 320 

fittings at ends of conduit 303 

floor, attachment i^ugs and rec^>- 

tades 245 

metal molding, terminal fittings 

at 316 

plate, armored cables, use of, 

when permitted 294 

armored-cable, when may be 

omitted 296 

at concealed knob-and-tube 

outlet 292 

conduit, concealed in concrete 
or plaster waU or ceiling, 
installation requirements. 304 
on wooden wall or ceiling, 
installation requirements. 304 

when may be omitted 306 

for armored cable on wooden 
wall or ceiling, installation 

requirements 296 

in concealed work, installa- 
tion requirements 296 

function of 303 

use of outlet box i>ref erable to . 304 
Outline lighting, capacity of fuses 

and cut-outs ulowed in 229 

metal trough construction re- 
quirement 384 

requirements 382 

Output, power, of motor 87 

Overhead service, ground-wire con- 
nection 146 

D. C. neutral wire 135 

Overload circuit-breaker i in the im- 
mediate vicinity of easily 
ignitible stuff, protection of. 191 
automatic, requirements la 
three-phase and two-phase 

circidts 189 

when installed without oilier 
automatic overload pto- 

tective devices 188 

exposed to mechanicid injury, 
flsdngs of combustible 
material gases said dust, 

protection of 191 

to moisture, protection of . . . 193 
for grounded street raihray 

circuit, requirements 190 

principle of operation 189 
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OveHoftd, generators carrying 17 

protection, A. C. generator cir- 

ouita 19 

D. C. generator 18 

for three-wire feeder circuits . . 26 
motor-generator three-wire 

system 23 

shunt-wound, D. C. generator. 22 
two-wire, compound-wound, 

and A. C. generator 21 

generator feeding a perma- 
nently grounded circuit. 24 

three-wire circuits 22 

three-wire generator, inter- 
locked circuit-breakers for . . 27 
protective apparatus for genera- 
tors 16 

release devices on starting rheo- 
stats 92 

P 

Paint, metallic, not used on insulat- 
ing joint 323 

Pan, drip, for motor 99 

Panel, charging, garage, location of . . 386 

starting, for D. C. motor 95 

in conduit-wiring motor instal- 
lation 96 

switchboard, mounting, on walls. 48 
Partition, concealed knob-and-tube 

wires passing through 286 

ground wire carried through, 

porcelain bushings for 147 

metal molding passing through. 

274-317 
or wall, molding carried through, 

when permissible 273 

plastered, concealed knob-and- 
tube wires passing through. . . 286 
wires passing through, porcelain 

tubes as insulators for 170 

Pendant cord, wires, size of 163 

lamp, method of installing 335 

light, dressing room, theater wir- 
ing 370 

in garage, flexible cord 385 

Pilot-light circuit, fuses and wire 

sizes for 43 

in electric-heater circuits 249 

switchboard, fuses for protecting. 44 
Pin-plug connector for garage, flexible 

cord 385 

theater wiring 376 

Pipe-and-wire crossing, protection of 

wires 176 

Pipe-clamp support for cleats 42 

how to protect wires running 

under 178 

Pipe, flexible tubing and porcelain 
tubes protecting wires in dry 
places against contact with, 174, 175 
gas, fastened in steel boxes, re- 
quirements 296 

fixtures supported from, insu- 
lating joint required 319 

ground-detector ground wires 

connected to 72 

grounding service-entrance 

conduits to 122 

lightning arrester ground wires 

connected to 64 

must be securely fastened in 

steel boxes 308 

protection of in combination 
fixture 322 

27 



Pipe, ground, cai> and point for. ... 145 

cap and point for 156 

connection, resistance of. .153-158 

to, method of making 154 

copper-strap, method of at- 
tachment to 11 

distance to drive into ground. 155 
for armored cable, how pre- 
pared 296 

ground-wire connection to . 147-149 
metal molding connection. ... 319 
iron, for protecting metal mold- 
ing passing through floor. . . 315 
ior side-wall protection, ad- 
vantages of 263-265 

lightning-arrester ground wires 

inside of 64 

multiple, ground t;onnection .... 11 

installation of 157 

spacing between 153 

or tank, water, wires run near 
considered as exposed to mois- 
ture 265 

size of for ground-pipe connec- 
tion 153 

sprinkler, grounding motor to. . 78, 79 
steam and water, switchboards 

near 49 

water, plug and clamp for ground 

wire, connection to 147—149 

grounding service-entrance 

conduits to 122 

Plant, industrial, lightning arrester 

ground connection 63 

power, disconnection of trolley 

wires at 123 

railway, feed wires, automatic 

circuit-breaker for 103 

private generator 181 

service-switch requirements . . 236 

service wire, cut-outs 216 

Plaster-metal-lath wall or ceiling, 
fixtures supported on, insulat- 
ing joint required 319 

insulation of metal fixture cano- 
pies from 324 

Plaster or cement, wires laid in 258 

tubes, use of 286 

Plate clamp and locknut for ground 

wire connection to ground pipe 155 

ground, generator, use of 11 

lightning arrester 57, 59, 62 

spiral sheet copper 152 

-wire connection, charcoal or 

coke bed for 149, 150 

how to make 149-152 

name, motor 100 

outlet, armored cables 295 

use of, when permitted 294 

at concealed knob-and-tube 

outlets 292 

conduit, requirements 304 

function of 303 

when may be omitted 305 

Platform between poles, transformer . 132 
Plug, arc pocket, gallery, theater 

wiring 368, 369 

attachment, floor outlet, how en- 
closed 245 

installation of receptacles for. 227 
brass, for ground-wire connec- 
tion to pipe 147-149 

connector for electric heater, 

how arranged in circuit.. .. . 251 
indicating, required in electric- 
heater circuit 248 
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Plug connector pin, theater wiring, 

installation requirements. . . . 376 
stage pocket, theater wiring, ex- 
ample of 368 

Plugging box, portable, theater wir- 
ing 375 

Pocket, theater plug, arc, gallery . 366-369 

stage floor 366 

waU 367 

Pole construction, pole line over 

5,000 volts 124 

joint, pole lines over 5,000 volts. 128 
-line ground, method of making . 144 
hign-tension, crossing, trans- 
position insulator for dead- 
ending 125 

installation of lightning arres- 
ters on 58 

over 5,000 volts, crossing con- 
struction 126, 127 

routing and spacing of 123 

platform between, outdoor trans- 
formers mounted on 132 

Porcelain cleat, see CUcUt porcelain. 
knob, see Knob, porcelain. 
tube, see Tube, porcelain. 
Portable arc lamp, theater wiring. . . 371 
construction requirements. . . . 370 

examples of 374 

operator required for each 373 

cord, see also Flexible cord. 

use of, when permitted 336 

theater wiring, requirements . . 376 
installation requirements . . . 372 

lamp in garage 385 

requirements 335 

plugging box, theater wiring, con- 
struction requirements 375 

Pothead for generator lead-sheathed 

cable 35 

high-tension motor cables 81 

Primary battery, see Storage battery. 
cell, see Storage battery. 
circuit automatic cut-out circuit- 
breaker or fuses protecting . 140 

wires, extra high-potential 397 

Private plant theater wiring service . . 356 
Proscenium light, theater wiring, re- 
quirements, conduit required 

for 363, 364 

insulation requirements 365 

reflector, construction require- 
ments 362 

Protection of motor and starting de- 
vice 88 



R 

Rack, iron, wire and cables supported 

on ^ 41 

non-combustible, construction of 42 
Rail, steel, ground wire connection to 147 

Railing around motor 96 

protective, for theater switch- 
board 356 

Railway power plant feed wires, auto- 
matic circuit-breaker for 103 

street, ^ circuit, grounded, re- 
quirements of overload 

^ circuit-breaker for 190 

circuits, grounded, controlled 
by single-pole switches. . . . 243 
wires, lighting and power for car 
houses from installation re- 
quirements 384 



Receptacle and wire support in open 

work outline lighting 383 

attachment, floor outlet, how 

enclosed 245 

border light, theater wiring .... 363 
cut-outs and fuses for, when re- 
quired 227 

flush, installation requirements . . 244 
for attachment plugs, installation 

of 272 

for theater-wiring footlights .... 361 
gallery-pocket, theater wiring, 

capacity of 366 

garage, installation require- 
ments 385 

heating devices connected to, 

when permissible 227 

lamp, capacity of 226 

gas-filled lamps not permitted 

with, when 348 

sign, capacity of 226 

theater wiring footlights 360 

portable plug^ng boxes, theater 

wiring requirements .•;••• 375 

proscemum light, theater wiring . 363 
stage-pocket, theater wiring, ca- 
pacity of 366 

strip-light, theater wiring 374 

Reels, moving picture, requirements . 380 
Reflector, border and proscenium 

light, theater wiring 362 

Regulator, arc lamp, requirements. . 340 
dustproof cover and insulating 

base for 51 

for mercury vapor lamp, require- 
ments 343 

high-potential, vacuum tube sys- 
tems 344 

installation of 50 

Reinforced or flexible cord, portable 
equipment, theater wiring, siie of 

cut-out required for 376 

Relay, time limit ; . . 93 

Release device, overload, on starting 

rheostats 92 

Resistance, arc lamp, requirements. . 340 
device, dustproof cover and in- 

siilating base for 51 

installation of 50 

different type of ground connec- 
tions.... . ; 158-160 

ground pipe connection 153 

high, measured with a voltmeter 75 
insulation, armature, measured 

with voltmeter 76 

instruments for measuring .... 73 
of electrical apparatus and 

wiring systems 73—77 

of wires 56 

table 399 

mercury vapor lamp, require- 
ments 343 

pipe joints in ground wire connec- 
tion 147 

protective, incandescent lamp 53—55 
test insulation, requirements. . . . 399 
theater wiring portable equip- 
ment, installation require- 
ments 372 

wiring for ; 56 

Resistor, dustproof cover and insulat- 
ing bases for 51 

installation of 50 

insulation of wires for 56 

protective, for incandescent lamp 
construction of. 55 
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Resistor, protective, incandescent 

lamp, installation of 53 

wiring for 66 

Rheostat, dustproof cover and in- 
sulating bases for 51 

installation of 50, 05 

insulation of wires for 56 

miniature moving picture equip- 
ment, construction require- 
ments 381 

motor, location of S8, 91 

starting, enclosing case, con- 
struction of 63 

moving picture, installation re- 
quirements 380 

starting, overload release device . 92 
theater wiring portable equip- 
ment, requirements 372 

wiring for 56 

Riser, see Conduit. 

Rock-salt filling for iron ground pipe . 158 
Rod-and-tube bus bar, how connected 39 
Rod, ground, description of typical . . 159 

caps and points for 156 

distance to drive into ground . . 155 
Roof, Mansard, pole line located near 129 
space, wires in, carried on knobs 

on upper edges of joists. . . . 266 
wires run in considered as con- 
cealed 265 

spacing and support of outside 

wires passing over 113 

structure for wire support, con- 
struction of 114 

Room temperature 184 

Rope, wire, border-light suspension, 

tneater wiring 365 

Rosette, link-fuse, when approved . . . 230 
Rubber bushing threaded in outlet 

box cover, not permitted 337 

Running board, protection of open- 
work wiring 260 

reinforced, for long spans, how 

made 261 

series-circuit wires, construc- 
tion of 200 

Runway, brick, generator lead wires 

in 31 

Rust on ground pipes 122 

Rusting of pipe ground connection. . 153 



Safe and ultimate carrying capacities 

of wires 182 

Salt to decrease resistance of ground 

connection 158 

Scale on ground pipes. 122 

Scene dock, theater wiring 369 

Scenery, bracket, fixtures, theater 

wiring 377 

Screen wire at line crossing , 129 

Screw for fastening cleats and knobs . 167 
Secondary and primary circuits, acci- 
dental cross between 138 

desirability of grounding 137 

ground, testing of 142 

grounding, fire hazard increased 

and Bfe hazard decreased by 141 

when compulsory 142 

when optional 143 

low-potential (110-220 volt), 

grounding 136 

neutral, ground wire, reason for 
connection to 140 



Secondary system ground, conduit 

ground not considered as. . . 311 
high- voltage transformer, 

grounding of 131 

low-tension, objections to 

grounding 141 

low- voltage transformer, 

groundmg of .• • - ■ ^^^ 

three-phase, ground connections . 136 
ungrounded, example of shock 

through . . 138 

wire, extra high-potential in- 
stallation requirements 397 

Separation between crane bridge col- 
lector wires 388 

high-potential wires 393 

line wires 112 

pole lines over 5,000 volts .... 123 
porcelain knobs for low-poten- 
tial outside wires not exposed 

to weather 115 

series-circuit wires 200 

supports, concealed knob-and- 

tube wires 286 

crane collector wires 388 

No. 8 and larger in damp 

places _ 271 

wires and supporting surface, 

open dry places 268,271 

on exterior building walls. . . 115 
supported in open dfry places 268 
from supporting surface, Knob- 

and-tube wires 283 

Series arc lamp arranged to be raised 
and lowered, now connected 

and supported 202, 203 

circuit, currents used in 196 

example of 195 

service switch, double-contact 198 
wires, clearance distances in 

boxing 201 

construction of^protective box- 
ing and running board for .^ . . 200 
exposed to injury, guard strips 

for 201 

how supi)orted on plaster wall 201 

must be in plain sight. 199 

supports for and separation be- 
tween 200 

incandescent lamp attached to 

gas fixture 206 

automatic cut-out 203, 204 

electromagnetic switching de- 
vice not approved 206 

how supported 205 

lamp, high-potential, attached to 

gas fixture, not permitted .... 396 
lighting device, cutting out of 

circuit 197 

-multiple incandescent lighting 

systems not allowed 206 

lamp, high-potential, not per- 
mitted 396 

motors connected in 97 

systems, connections for .■ • • • 195 

for inside installation, disad- 
vantages of 196 

not allowed inside buildings.... 195 
wire entering building, require- 
ments 197 

insulation of 197 

Service connection, armored cable . . . 294 

conduit, how run 302 

cut-out and switch, how arranged 235 

-entrance conduit, grounding. . . 122 

inside of building 12J 
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Seryice-entrance, installation Ill 

tube, underground, closed with 
cement or asphaltum where 

entering building 181 

wire, height at which attached 

to building 121 

undergroiind 181 

protection of 179 

head for conduit entrance 120 

theater wiring 353 

switch and fuses, how arrangckl.. 185 
double-contact, for series-sys- 
tem entrance 198 

function of 234 

must indicate whether open or 

closed 236 

oil, outdoor high-tension 234 

requirements in private plants 236 
single-pole switcn never used 

as 240 

theater wiring, private plant, re- 
quirements 355 

wire building, ^ound connection 146 
entering buildins^, automatic 

cut-out protectmg 207 

low-i>otential, brought into 

building through conduit. . . 120 
permanently grounded, auto- 
matic cut-out in 211 

private plant, cut-out in 216 

switch on 234 

Services, theater wiring, two separate 

required 353 

Sherardised conduit and fittings pref- 
erable 305 

Shock through generator frame 8 

through ungrounded secondary. 138 

Short-circuit A. C. generator 20 

in fixture 328 

machine insulation 3 

Show case, fixture wired on outside 

not permitted in 328 

flexible cord and armored flexible 

cord in, requirements 336 

gas-filled lamps in 347 

Shutter, automatic, moving picture. . 380 

Shutters, line wires kept free from ... Ill 

wires installed near, brackets for. 115 

Sign, conduit wiring 226 

-lamp receptacle and socket 

capacity 226 

outdoor, single-pole switch never 

used for control of 240 

swinging, line wires kept free 

from Ill 

wiring, capacity of fuses and cut- 
outs allowed in 229 

Signal wires exposed to weather, 

knobs as supports 116 

Signaling systems 399 

Snap switch in exposed work, sub- 
bases required 246 

indicating, approved, when pref- 
erable 240 

Socket, flexible cord protected by 

bushings where entering 336 

insulating bushing, size when 

not attached to fixture 333 

key, use of not advisable 329 

keyless, required, outline light- 
ing 383 

required over specially inflam- 
mable stuff or when ex- 
Eosed to flying combusti- 
les 332 

lamp, capacities of 226 



Socket* medium- and mogul-base, 
gas-filled lamps not permitted 

with, when 348 

near inflammable gas, installa- 
tion requirements 329 

outline lighting, wires must be 

soldered to lugs 383 

portable lamp, garage, construo- 

^ tion requirements 385 

single, permissible, load on gas- 
filled lamp 346 

threads, sites of 329 

weatherproof, required in wet or 

damp place 331. 332 

requircid where exposed to cor- 
rosive vapors 331 

Soldering copper ground wire to iron 

pipe 154 

joint 116-169 

wire into lugs 170 

Spacing between, see also Separcdian 
between, conductors, wires, 
etc. 

cables 43 

multiple-ground connection 

pipes 153 

overhead D. C. neutral wire 

ground connections 135 

pole lines over 5,000 volts. : . . 123 
supports, high-potential wires. 393 
supports, wires in vertical con- 
duit 278 

telegraph wires and electric- 
light-and-power wires on 

same pole 123 

link fuses, requirements 222 

of wires passing over roofs 113 

Splices, see Joints. 

Splicing device, Dossert mechanical 

118. 119 

Split knob for supporting wire 268 

socket suspended from 332 

Sprinkler pipe, grounding motor to . . 78 
Stage pocket, see TheeUer toirxng. 

wiring, theater 356 

Stand, non-combustible, for electric 

iron 252 

Staple for ground-wire 144 

wire fastened with 164, 258 

Starter, auto-, casing 96 

installation 95 

Starting current, wires overf used for . 82 
device and motor, protection of . 88 
panel, conduit motor installation 96 

for D. C. motor 95 

Static electricitv at machine 15 

Station, central, ground connection 

for 145 

lightning arrester, location of . . . 59 
multiple-connection ^ound 61* 157 
Stator winding, measuring insulation 

resistance 77 

Storage battery, general regulations 

for wiring 103 

glass trays used for support 

ing 105 

metal connections to 106 

mounted on insulators 104 

theater emergency-light cir- 
cuit 355 

requirements, moving picture 

films 380 

Strain insulator for support of wire 

in vertical conduit 281 

String lights, theater wiring, see Fes- 
toon lights. 
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Stripe, lights, theater wiring, see 
Theater vnring. 

Stud, insulating. . . ; 321 

Sub-base, required for supporting 

snap switch in exposed work 246 

Suspension wire for pole line 128 

Switoh-and-out-out, as automatic 

circuit-breaker 92 

cabinet, wooden, construction of. 191 
Switch and fuses controlling motors 
and heating devices, how ar- 
ranged 185 

and service cut-out, how ar- 
ranged 235 

approved indicating snap, when 

preferable 240 

arrangement of circuit-breaker 

used in place of 189 

auxiliary double-throw, for 

theater wiring circuit 356 

blades "dead" when open 238 

cabinet, metal, grounding.. ..... 192 

crane-collector circuit, location 

of 389 

double-contact service, for series- 
system entrance 198 

-throw, vertically mounted, 
guard preventing accidental 

closing 238 

entrance, and entrance cut-out, 
how installed inside of build- 
ing 208 

knife-blade, installation of in 

ap>proved cabinet . 210 

outside of building, how in- 
stalled 211 

exposed to mechanical injury and 
combustible and inflamma- 
ble material, protection of . . 191 
to moisture, protection of ... . 193 
flasher and outside out-out, 
weatherproof cabinets must be 
provided for, outline lighting. . 383 
flush, installation requirements. 244 
l^arage, installation requirements 385 
indicating, required in electric 

heater circuit 248 

knife, single-throw, mounting 

of 236. 237 

main cut-out and last point of 
support outside of building, 
insulation of wires between. . . 112 
miniature moving picture equip- 
ment, construction require- 
ments 381 

motor circuit, omission of 92 

location of 88, 91 

motors group of small 90 

mounting board for 246 

oil, dustproof case for 192 

outline lighting, requirements . . . 383 
quick-break, knife, principle of. . 188 
required in every wire, exceptions 

to rule 186 

on service wire 234 

for cranes operated from cabs . 389 
service, and fuses, how arranged . 185 
double-contact series-circuit, 

principle of operation 198 

must indicate whether open or 

closed ._ 235 

oil, outdoor high-tension ex- 
ample of 234 

requirements in private plants. 236 
single-pole switch never used 
as 240 



Switch, single-pole, grounded street- 
railway circuits controlled by 243 
never placed in neutral wire of 

three- wire sjrstem 240 

used for control of circuits 
located in damp 

places 240 

of outdoor signs 240 

on circuits carrying more 

than 660 watts 240 

snap, in exposed work, sub-base 

required for supporting 246 

starting, for alternating-current 

motor 85 

summary of installation require- 
ments 239 

theater wiring portable-arc-lamp 

standard must be enclosed .... 371 
three-pole, rear-connected knife, 

mounted on prooelain knobs . . 188 
three-way, considered as single- 
pole switch 243 

time, protection of 193 

two-pole front-connected knife, 

illustration of 187 

wood block support for 245 

Switchboard and generator, wiring 

between 30 

clearance back of 48 

construction of 47 

garage, location of 386 

generator lead wires to 34 

installation of 46 

instruments, fuses for protecting 44 

location of 45 

requirements 49 

non-combustible coverings for 

wires bunched behind 40, 49 

panel, mounting of on wall 48 

protection against moisture 49 

theater, "dead face," example of. 358 

installation requirements 356 

Switching device, electromagnetic, for 
series incandescent lamps, not ap- 
proved 206 

Switches, grouping of, recommenda- 
tions 1 

T 

T, splice, Dossert mechanical 119 

Tap, branch, in molding 271 

for varying-speed motor, deter- 
mination of wire size for 87 

joint or splice in wire, how to 

make 117 

three-wire system, to lamp sock- 
ets, how run 227 

wire in conduit 276 

Telegraph and telephone wire and 
electric-light-and-power wire on 

same cross-arm, spacing 123 

Temperature rise of wires 184 

Terminal block, generator 29 

motor 101 

connector for armored cables .... 294 
fittings, at metal molding outlets. 315 
required at armored-cable out- 
let boxes 297 

lug, splicing, Dossert mechanical, 119 
Termination, crane contact wire, ex- 
amples of 387 

generator lead-sheathed cable, 

pothead for 35 

heavy-wire run 165 

high-tension cable 81 
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Teeting fixture wire 328 

insulation resistance 73 

secondary ground 142 

Tests, insulation resistance 399 

Theater emergency-light circuit, stor- 
age batteiy for 355 

general definition 353 

-stage wiring, conduit or armored 

cable required for 356 

switchboard, "dead face," ex- 
ample of 358 

installation requirements 356 

wiring auditorium exit lights 378 ,379 

border-light cable 364 

installation requirements. . . 363 

typical arrangements 362 

wires installation require- 
ments 365 

bracket fixture 377 

bunches 373 

capacity of fuses and cut-outs 229 

connections, example of 354 

curtain motors 369 

dimmer .' . 359 

dressing rooms lights 370 

emergency lights 353 

circuit, auxiliary double- 
throw switch for 366 

festoon lights installation re- 
quirements 377 

footlight 360-362 

flue control, magnetic damper. 370 
gallery arc pocket plug, ex- 
ample of construction 369 

installation requirements . . . 366 
must not be interchangeable * 

with incandescent 368 

pin-plug connector, installation 

requirements 376 

portable arc lamp 371 

construction require- 
ments 370 

examples of 374 

operator required for each 373 
equipment, flexible cord for, 

reauirements 376 

installation require- 
ments 372 

plug£^ng box 376 

proscenium, lights construc- 
tion requirements 362 

-light cable 364 

receptacle 363 

scene dock, lamps in 369 

service, isolated and private 

plant, requirements 356 

special electrical effects 378 

stage arc pocket plug, example 

of construction 369 

must not be interchange- 
able with incandescent. 368 
permissible wire site for. . . . 366 

wall pocket, t3i>es of 367 

strip-light 374 

construction requirements. . . . 373 
two separate services required . . 363 
Threads, conduit, removing enamel 

from 122 

socket, sizes of 329 

Three-phase, see also item in question, 
-wire neutral ground connection, 
see Ground connection. 
secondary, ground connection, 

see Ground connection. 
system, neutral, single-pole 

switches never placed in. . . 240 



Three-wire system, branch to lamp 

socket 227 

Tie-wire 164 

unsatisfactory for small wire. . . . 165 
Tile ceiling, combination fixture in. . 325 

duct for generator leads 37 

Timber, knob-and-tube wires passing 

through 286 

frame, transformer support on. . 134 
separate, knob-and-tube wires 

preferably run on 283 

wire on cleats around 270 

wires passing through, porce- 
lain tubes as insulators 170 

Time-limit rating of circuit-breaker 

protecting A. C. motor 92 

relay 93 

Transformer-and-lamp ground de- 

^ tcctor 72 

air-cooled, installation require- 
ments 351 

bell-ringing, installation require- 
ments 351 

capacity, allowable, 550 volt 

motor equipment 256 

casing, grounding of 108 

general installation rules 107 

high-potential, grounding 395 

location of 349 

high-voltage, grounding of sec- 
ondary system 131 

supported on building mounted 
on pole and in underground 

vaults 132 

individual, ground connection .. . 146 
installation, safe indoor, example 

of 107 

instrument, grounding of 109 

low-voltage, secondary system, 

grounding of 132 

miniature moving picture 381 

oil, drain for 108 

installation requirements 351 

outdoor installation 130 

potential, fuse and wire site for . . 43 

-room ventilator 107 

secondary, grounding, see Ground" 
ing, transformer laecondary. 

support, exterior wall 134 

on exterior masonry wall 133 

vault, high-potential 396 

Transforming device, moving pic- 
ture 380 

Tray, glass, used for supporting 

storage battery 105 

Trench, floor 36 

Trolley wire 123 

Trough, metal, outline-lighting 384 

Tube-and-rod bus-bars 39 

floor, porcelain 173 

metal, ground wire connection. 

147-149 

mud, or plaster 286 

Tube, porcelain, and flexible tubing 
conduit bushing re-bushed 

with 174 

as insulator for wires passing 
through floors and timbers. 170 

for entrance wire 120 

illustration of 163 

knob for holding in place 
where crossing pipe in dry 

place 176 

for service wires 120 

methods of bushing wires 
through joists 171 
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Tube, porcelain, protecting wires 
against contact with pipes 

174, 176 
underground service-entrance 181 
Tubing, flexible, see Flexible tubing. 
Turnbuckle for support of wire in 

vertical conduit 281 

Twin wire, when permissible to use . . 259 
Two-wire circuit run from three-wire 

system 227 

secondary, ground connection, 
see Ground connection. 

U 

Unbalance on three- wire circuit 216 

Underground D. C. neutral wire, 

ground connection 136 

service-entrance wire 181 

protection of 179 

number of buildings supplied 

by 181 

system catch box, and junction 

box, installation of 180 

tube, danger of gas in 181 

vault, transformer 132 

wire, when considered as out- 
side of building ] 81 

V 

Vacuum-tube system, description of. 343 

installation requirements 344 

Vapor, corrosive, weatherproof socket • 

required where exposed to ... . 331 
lamp, mercury, description and 

requirements 342 

regulators and resistances 

for, requirements 343 

Vapor-tight globe, method of instal- 
lation 330 

required for lamp and socket 

near inflammable gas 329 

Vault, transformer, high-potential, 

construction requirements . . 396 

example of 394 

underground, transformer located 

in 132 

Ventilation, high-potential transfor- 
mer vault 395 

moving picture machine enclo- 
sure, requirements 380 

storage-battery rooms 103 

theater wiring portable arc lamp. 371 

Ventilator, transformer room 107 

Voltmeter, armature insulation resist- 
ance measured with 76 

circuit, fuse and nine sizes for. . 43 
ground detector connections .... 70 
measuring high resistance with . . 75 
method of measuring insulation 

resistance 73 

special ground-detecting 71. 

W 

Wall, brick, armored cable run against, 

lead covering not required. . 296 
method of supporting wood 

molding 274 

concealed knob-and-tube wire 

passing through 286 

ground wire carried through ... . 147 
masonry, conduit service en- 
trance passing through 121 

exterior, hangers for trans- 
former 133 



Wall, masonary, exterior timber 

frame for transformer 134 

or ceiling, concrete, conduit outlet 
boxes, plate and cabinet con- 
cealed m 304 

fireproof, fixture supported on, 

insulating joint required 319 

metal or metal-lath-piaster, in- 
sulation of metal fixture 

canopies from 324 

metal-lath-plaster, fixtures 
supported on, insulating 

joint required 319 

wooden and plaster, conduit 
outlet boxes, plates and cabi- 
nets concealed in, installa- 
tion requirements 304 

outlet box plate and cabinet 
for armored cable on, in- 
stallation requirements 296 

partition, molding carried 

through 273 

plaster, lead covering not re- 
quired for armored cable in 296 

^ senes-oircuit wires on 201 

side, protection, advantages of 

iron pipe 266 

for metal molding; 316, 316 

grounding conduit used for. 264 
requirements, high-potential 

wires 393 

use of conduit, pipe and floor 

block 263 

protective boxing 263 

conduit, double-braided rub- 
ber-insulated wire in 264 

thick, bushing wire through. ... 174 
wooden, exterior, hangers for 

transformer support 134 

Washer, leather, on nail fastening 

cleats and knobs 168 

Waste can, oily, approved 65 

Waterproof cover for generator 5 

outside conduit system 113 

Watts capacity permissible in single 

molding circuit ''273 

Weatherproof socket in damp or wet 
place or where exposed to corrosive 

vapors 331, 332 

Wedge connection of strap to ground 

pipe 155 

insulating, for sujpport of wire in 

^ vertical conduit 279 

Winding, stator, measuring insulation 

resistance of 77 

Wire, A. C, in armored cable, installa- 
tion requirements 297 

conduit, installation require- 
ments 281 

metal molding, installation re- 
quirements 275, 319 

attached to solid knob, tie-wire 

for 164 

-and-pipe crossing in damp places 

177, 178 
between last point of support 
outside of building and main- 
cut-out-switch, insulation of . . 112 
bunched behind switchboard. 40, 49 

bushing, through wall 174 

carrying capacity of for motor 

using auto starter 95 

conduit siae required for installa- 
tion of, table 312, 313, 314 

connecting generator to switch- 
board S'" 
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Wire, copper, oarrjring capacity of . . 181 

table 183 

concealed knob-and-tube, fas- 
tened at outlet 201 

fished in flexible tubing, when 

required 287 

flexible tubing for, when re- 
quired 286 

insulation, separation and re- 

Siiirements for support 283 
ets, flexible tubing required 

for 290 

passing through timber floor, 
partition and wall, installa- 
tion requirements 286 

separation between supports. . 286 
crane collector, installation re- 
quirements 388 

sites of, table 389 

installation requirements 386 

. crossing damp pipe 177 

floor timber m cellar 260 

interior, protection of wires at . 1 76 

D. C. in conduit 281 

in metal molding 275, 319 

Dessert mechanical splicing de- 
vice 118, 119 

double-braided rubber-insulated, ' 

in side-wall protective conduit 264 

duplex, joint in, how to make .. . 117 

splice in conduit outlet box. . . 118 

when, permissible to use 259 

entering building, bushing for. . . 120 
steel boxest except in conduit, 
armored cable or metal mold- 
ing, protection of 256 

exposed to weather, insulators 

for 114 

fastened with staples 258 

feed, for railway automatic cir- 
cuit-breaker for 103 

fishing 258 

fixture, cut-out, protecting 232 

installation requirements 327 

testing, requirements 328 

flameproofing method of 37 

for chain fixture, requirements . . 328 
for temporarily-exposed work, 

safe carrying capacity of 185 

from generators, supporting .... 43 
fuse required in every, exceptions 

to rule 186 

galvanized iron, ground wire. ... 144 
garage, conduit required for. . . . 384 
generator lead, floor trenches, 

construction of 36 

fiber conduit and tile duct for 37 

ground connection 31 

in brick or concrete wireway 31-33 
lead-sheathed and in conduit. 33 
protection against moisture. . . 31 
room, insulation requirements. 37 

to switchboard 34 

ground, A. C. system, size of 143 

armored-cable, size of 296 

carried through wall and par- 
titions 147 

central station 145 

conduit for protection of 145 

system, must be^ protected 
from mechanical injury, 

size 310 

connection, at meter in cellar . 

146, 147 
resistance of pipe joint in.. . 147 
to flume and steel rail 147 



Wire connection to ground pipe, plate 
clamp, terminal lug and 

lock-nuts for 155 

penstock 61 

pipe .. . . 147-149, 153, 154, 155 
plate, charcoal and coke 

bed, how to make. . 149-152 
lightning arrester, exam- 
ple of 57,59,62 

protective conduit 145 

secondary neutral, reason 

for 140 

D. C. three-wire system, sise 

of 143 

for building service 146 

galvanised iron wire used as . . 144 

generator, installation of 10 

ground detector, connected to 

gas pipe 72 

in molding within building. . . 147 

individual transformers 146 

inside of building, require- 
ments 143 

installation of 144 

multiple-pipe connection. 157 
lightning arrester, connected 

to gas pipe 64 

inside of iron pipe 64 

metal molding system, size of. 319 
protection against mechanical 

injury 122, 145 

size of 122 

support, staple strap, knob 

and cleat for 144 

three-phase system, carrying 

capacity 144 

guard, for pole line over 5,000 

volts, installation of 128 

trolley, iusulation from ground 123 
having safe carrying capacity 
exceeding rated capacity of 
largest approved encfosed-type 

^ cut-out, protection of 232 

high-potential, exposed to in- 
jury, protection require- 
ments 393 

supporting and insulation re- 
quirements 393 

insulation, current required to 

cause to smoke 186 

of for rheostat, resistance and 

resistor 56 

how temperature rise is af- 
fected by 184 

interior, joint, soldering 169 

in conduit entrance, insulation 

of 121 

insulation of and splice in ... . 276 
vertical, how supported. . .278-281 
when permitted to be^drawn in 277 
in dry places, methods of pro- 
tecting against contact with 
pipes and conducting material. 

174, 175 
in elevator shaft, installation of. 178 
open damp place, insulation of 

and supporting requirements 271 
dry place, dead-ending at 
socket, receptacle and 

rosette 270 

insulation of 267 

porcelain knob and cleat for . 
supporting, when used. . . 268 

separation between 271 

roof spaces and attics, installa- 
tion requirements 265, 266 
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Wire, joints in 116, 117 

laid in plaster or cement 258 

larger tnan No. 0, method of ter- 
minating 165 

lead, connecting lightning ar- 
rester to ground, installa- 
tion 60 

motor, soft-rubber bushing for. 103 
light-and-power, supported 

against carrying surface 163 

line, kept free from awning, sign 

and swinging shutter Ill 

low-potential outside, not ex- 
posed to weather, support. ... 115 
metal molding, permitted in 
garage offices ana show rooms . 384 

molding 271 

motor-circuit, out-out for pro- 
tection of 232 

near water tank or pipe con- 
sidered as exposed to moisture. 265 
netting, multiple arc-lamp globes 340 

series-arc-lamp globes 202 

neutral, D. C, overhead and 
overhead gro u n d con- 
nection 135 

three-wire low-potential cir- 
cuit, grounding of 134 

grounding insures continuity 

.of 142 

sise of if neutral fuse omitted 
and outer properly fused .. . 214 
No. 8 or larger, method of ter- 
minating 165 

on cleat around timber, how in- 
stalled 270 

outside of building. . . 112, 114. 115 

open-work outline hghting 383 

outside, directly entering motor 

room, installation of 82 

safe carrying capacity 185 

passing over roof, support and 

spacing 113 

through floor, boxing 173 

timber partition and floor, 

insulator for 170, 171 

permanently grounded, cut-out 

in 218 

pole line over 5,000 volts, instal- 
lation precautions 124 

located near building and 

mansard roof 129 

primary, extra high-potential, 

installation requirements 397 

private-plant service, cut-out in 

when required 216 

protection of at wire-and-pipe 

crossing 176, 177 

railway, Bghting and power for 
car houses from, installation 

requirements 384 

rope, theater wiring, border- 
light suspension 365 

rubber-covered, serving A. C. 

motor 92 

nin, heavy, termination 165 

safe carrying capacity of, how 

determined 181 

screen at line crossing 129 

secondary, extra high-potential, 

installation requirements 397 

series-circuit, installation re- 
quirements 197, 199 

methods of support 200, 201 

service-entrance, conduit or 

porcelain tube for 120 



Wire, service-entrance, drip loop in 119 
height at which attachea to 

building 121 

installation requirements 207 

insulation of Ill 

location of switches on 234 

permanently grounded, fusee 

in 211 

underground, protection of 179, 181 
serving more tnan one D. C. 

motor, carrying capacity of. 83 
one A. C. motor, carrying ca- 
pacity of 84 

D. C. motor, carrying ca- 
pacity of 82 

signal, exposed to weather, porce- 
lain knob as support for 116 

site, A. C. main serving several 

motors, demand factor. ... 86 
branch circuit between cut- 
out and main 220 

'for varying-speed motor, 

determination of 87 

change in, fuses at 217 

D. C. motor main, determina- 
tion of 83 

fixtures 162 

generator ground connection. . 9 
ground-detector, potential- 
transformer, pilot-light and 

voltmeter circuits 43 

interior light-and-power wir- 
ing 162 

lightning-arrester ground 61 

pendant cord 163 

permissible, theater-wiring gal- 
lery and stage pockets 366 

small, tie- wire unsatisfactory for. 165 
smaller than No. 8, support of . . 166 
soldered to lug requirements 169, 170 
to theater wiring footlight re- 
ceptacle lugs 360 

spacing of on exterior building 

waU 115 

splice, requirements 116 

station ground, D. C. three-wire, 

same sise as neutral 143 

stranded, arc lamps arranged to 
be raised and lowered when 

required 341 

fastened under clamps and 

binding screws, soldering. . . 169 
theater wiring portable equip- 
ment, lugs required for 372 

support, roof structure for, con- 
struction of 114 

supported in open dry place, 

separation between 268 

on iron rack 41 

to surface with staples 164 

suspension, pole line over 5,000 

volts 128 

switch required in every, excep- 
tion to rule 186 

teleip-aph and telephone and elec- 
tric-ught-and-power on same 

cross-arm, spacing. 123 

theater wiring border-light, pro- 
scenium-Ught and strip-light 
receptacles, must be soldered 

to lugs 363 

. festoon lights, installation of 377 
tie, see Tie wire. 

trolley, installation requirements 123 
twin, when permissible to use. . 259 
tying on solid knob, method of . . ^ ' 
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Wire, underground, when considered 

as outside of building 181 

use of floor block in side wall pro- 
tection of 263 

verv heavy, solid knobs and 
cleats supporting 167 

weatherproof, insulation of splice 
in 116 

wood-boxing protection 264 

Wires, A. C, in same side-wall pro- 
tective conduit 263 

fixture, allowable difference of 
potential between 328 

flexible cord, permissible differ- 
ence of potential between .... 334 

high-potential, separation re- 
quu-ements 393 

line, spacing between 112 

No. 8 and larger in damp place 
in mill building, separation be- 
tween 271 

number of permissible in single 

conduit 282 

molding circuit 273 

of different systems not allowed 
in same fixture 328 

openwork outline lighting separa- 
tion required between 383 

series-circuit, separation between 200 

Wireless telegraph apparatus 399 

Wireway, concealed wiring, recom- 
mendations 1 



Wireway, brick or concrete, gener- 
ator lead wire 33 

Wiring, conduit, motor with starting 

panel 96 

for rheostat 56 

knob;-and-tube, disadvantages of 282 
interior light-and-power, size of 

wire for 162 

support 163 

loop routing, example of 299 

molding, prohibited in concealed 
and dfamp locations, and in sys- 
tems over 300 volts 273 

motor under 550 volts, general 

inside rules apply 80 

650-3,500-volt 80 

open-work and concealed knob- 

and-tube for generators . . 30, 31 
guard strip and running board 

for protection of 260 

sign, conduit, example of 226 

storage-battery room, general 

and special rules 103, 104 

ssrstem, accidental ground on . . . 66 

Wood block support for switch 245 

-boxing protection for wires, 

when preferable 264 

fixture block, application of . . . . 325 
Wooden wall, exterior, transformer 

support 134 

or ceiling, cut-out cabinet outlet 
box and plate for armored cable 295 
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